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Foreword 





This series is dedicated to Electrical 
Progress—to all who have helped and 
those who may in the coming years help 
to bring further under human control 
and service to humanity this mighty 
force of the Creator. 


The Electrical Age has opened new 
problems to all connected with modern 
industry, making a thorough working 
knowledge of the fundamental princi- 
ples of applied electricity necessary. 





The author, following the popular appeal for practical 
knowledge, has prepared this progressive series for the electrical 
worker and student; for all who are seeking electrical knowledge 
as a life profession; and for those who find that there is a gap in 
their training and knowledge of Electricity. 


Simplicity is the keynote throughout this series. From this 
progressive step-by-step method of instruction and explanation, 
the reader can easily gain a thorough knowledge of modern 
electrical practice in line with the best information and experi- 
ence. 


The author and publishers here gratefully acknowledge the 
hearty and generous help and co-operation of all those who have 
aided in developing this helpful series of Educators. 


The series will speak for itself and "those who run may read." 


The Publishers. 
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IMPORTANT 


To quickly and easily find information on any subject, read 
over the general chapter headings as shown in the large type— 
this brings the reader's attention to the general classification of 
information in this book. 


. Each chapter is progressive, so that if the reader will use the 
outline following each general chapter heading, he will readily 
come to the information desired and the page on which to 
find it. 


Get the habit of using this Index—it will quickly reveal a 
vast mine of valuable information. 


“An hour with a book would have brought to your mind, 
The secret that took the whole year to find; 

The facts that you learned at enormous expense, 
Were all on a library shelf to commence.” 
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CHAPTER 77 


Relays 


By definition a relay is a device which opens or closes an 
auxiliary circuit under pre-determined electrical conditions in the 
main circuit. 

The object of a relay is generally to act as a sort of elec- 
trical multiplier, that is to say, if enables a comparatively weak 
current lo bring into operation a much stronger current. 


The usual purpose of a relay is to assist in disconnecting that part of an 
electrical system, in which a fault has occurred, from the rest of the system, 
with the least possible delay; and to limit such disconnecting to that part 
oi the system that is in trouble. Relays, however, are used for other pur- 
poses, such as for signaling; for controlling the operating current of sole- 
noids, motors, etc., and thus reducing the amount of current to be broken 
by the control switch and the size of leads run to the switchboard; for bell 
alarm or lamp indication of the automatic operation of oil switches or cir- 
cuit breakers; and for electrically interlocking switches or circuit breakers. 


In the development of relays to meet the various require- 
ments of protection for the circuits and apparatus, there are a 
number of protection principles upon which their design de- 
pends. The advantages and disadvantages of these various 
principles can be studied, and their particular fields of applica- 
tion defined. These principles are: 


1. Over current 5. Differential 

2. Inverse time 6. Ground or residual 

3. Definite time 7. Over current with under voltage 

4. Directional 8. Thermal ч 
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Over Current.—The simplest protective principle is that 
which uses a so called instantaneous over current to distinguish 
between normal and abnormal conditions.* 


An example of over current principles is the ordinary series trip coil when 
used without a time device. Since transient excess current must be con- 
sidered as normal, it is necessary to make the protective scheme inoperative 
under these transient conditions. This can be done only by increasing the 
current setting so as to be out of range of the normal transients; hence 
schemes involving this principle will never be sensitive to small over 
currents. 


With regard to selectivity, schemes working on this principle will be 
effective under two conditions. First, in cases where the main supply divides 
into a large number of radial feeds and the fault current on one of the radial 
feeds is less than the minimum permissible setting of the main supply. The 
protective device on the main supply can then be set high enough to'be 
inoperative for a fault on one of the radial feeds, and thus service will not be 
interrupted except in the faulty section, This is usually the case when dis- 
tribution feeders radiate from a substation bus. Second, in cases where 
there are several parallel feeds, and current flows to the fault in one through 
all the others; if-there be a sufficiently large number of parallel feeds, so that 
the maximum current due to a fault in one, when divided among the others, 
will be lower than the minimum setting of the protective device on all 
feeders except the faulty one. This condition is rarely encountered. 


Inverse Time.—The time of operation of relays operating 
on this principle varies approximately inversely with the 





Fics. 4,195 and 4,196.—Text Continued, 


in the disc as they pass under the electro-magnet is such that the additional torque required 
as the spring winds up is provided, thus making the starting current uniform for all initial 
positions of the disc. In reality the relay requires slightly more current to close the contacts 
than is required to start the disc in motion from the initialextreme position. This serves to 
prevent the disc creeping on fluctuating loads, where there are frequent peaks above the relay 
setting. This feature is an important advantage of the present type of inducticn relay. 





*NOTE.—Normal conditions include conditions not only up to the allowable continuous © 
over current, but also transient conditions, which, although involving current values greatly 
in excess of normal, are not of sufficiently long duration to have harmful effects. This defi- 
nition includes as normal such currents as motor starting current, the rush of current when 
a transformer or long line is first energized, and synchronizing current when machines are 
paralleled. 


а | а 
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magnitude of the current. This permits lower current settings, 
thus giving increased sensitivity. 


Under abnormal conditions, if a fault produce a slight over current for a 
long enough time or a large enough over current for a short time, the pro- 
tective device operates. 





Firg, 4,197.— Westinghouse (induction) over current relay with cover removed showing mech- 
anism. 


Definite Time.—A third protective principle which is of 
great value is the definite (ime over current. This principle is 
: ,usually used in combination with the preceding one to give 
the familiar inverse definite minimum time relay. 


Protective devices operating on this principle have inverse time charac- 
teristics up to a certain value of current, while at all higher values they 
operate in a certain definite minimum time. Such schemes are necessary 
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where there is no branching of the circuit at the junction of the faulty sec- 
tion to the rest of the system, as in a radial or a tandem system. 


In applying this principle, the protective devices at the different points 
have their definite minimum times adjusted so that with abnormal values of 
current they operate in a definite order, beginning with the ones farthest 
from the generating station. 


Directional.—Relays working on this principle permit a nor- 
mal direction of current only.* 


JPhase Bus 













Aux.switches 
ore Shown 
for the open 
position of 
the breaker 
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Fic. 4,198.—Westinghouse induction type directional relays protecting two incoming lines and 
induction overload relays arranged to open both breakers in case of trouble on the bus bars. 


Differential.—In any section of a system the current flowing 
into the section must equal that flowing out so long as the section 


*NOTE.—Direction of current in an a.c. system means the vector relationship between 
voltage and current. Hence, to apply the reverse current principle, voltage must be intro- 
duced as the base of reference. It has been suggested to use as a reference a current whose 
direction is fixed, such as the fault current in a ground neutral. This scheme is not used very 
extensively, voltage is ordinarily the standard reference. Since under abnormal conditions 
the voltage may fall to a very low value, it is necessary to make the directional element very 
sensitive. 
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Contacts 


FiGs. 4,199 and 4,200. 
— Views showing con- 
struction of General 
Electric induction 
single element diff. 
erertial relay. 


NOTE.—There are two 
classes of directional 
relays: the ordinary or 
uni-directional and the 
duo-dtrectional, The uni- 
directional relays are in- е 
tended to be installed 
on each separate feeder, 
whereas the duo-direc- 
tional relay is to be con- 
nected between a pair of 
incoming lines at the 
substation end. The cur- 
rent transformers on the 
two lines are cross con- 
nected, so that the 
relay will trip whichever line is carrying the greater current away from the bus bars. The 
advantage of this arrangement over the use of the uni-directional relays is that one set of 
duo-directional relays costs less than: two sets of the ordinary type. However, part of this 
advantage is lost because of the extra trouble and expense of making the cross connection. 
The duo-directional relay has been used on tie lines between generating stations where 
the balanced feature was important, but the selective differential relay is more suitable 
for this purpose. The duo-directional relay and the cross-connected scheme is not recom- 
mended for ordinary application. This relay is an excess current relay element, with its 
contacts in series with those of a selective watt meter; or directional element. The excess 
current element closes its contacts on excessive current in either direction, but the contacts 
of the selective watt meter element remain open as long as power flows into the station. Each 
relay has three separate adjustments: 1, the current at which it will operate; 2, the time in 
which it will operate, and 3, the direction in which the power must flow to operate it. It 
should always be connected to the circuit in such a way that it will trip its circuit breaker 
when the power is flowing away from the bus bars. The term ‘‘reverse power relay" is some- 
what misleading while “directional relay” is nearer correct and preferred. 
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has no electrical fault within itself. 'The device for detecting 
abnormal conditions is arranged to balance the normal input 
current or power against the normal output; it operates when 
any abnormal condition such as a short circuit or ground pro- 
duces an unbalance. 

The transient current of transformers, or the power loss within the sec- 


tion, acts in the same way as a fault, but of course to a much lesser degree; 
and these normal unbalances can be taken care of by the relay setting. A 
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Fic. 4,205.— Wiring diagram showing application of General Electric induction differential 
relay for protection against phase unbalance of a three phase line. 


protective scheme operating on this principle and applied to each individual 
piece of apparatus or section of the line, therefore disconnects the faulty 
section, but is inoperative under normal conditions and when faults occur in 
other sections of the system. It does not detect faults that draw no current 
(such as an open circuit, or a ground on an ungrounded system) and it must 
be set high enough to be inoperative on power losses or charging current 
within the section at abnormal current values caused by external faults. 
Difficulties arise in the practical application of this scheme, because quite 
often current transformers must be able to maintain a balance all the way 
from partial load to perhaps twenty times full load. Trouble is also caused 
by unequal burdens placed on the current transformers by the leads and 
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other loads, and by improper impedance of the relay used to detect. an 
unbalance. 


Ground or Residual.—In numerous cases it is possible to use 
the magnitude of the ground current present in a system, as 
an indication of the presence or absence of abnormal conditions 
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Fic. 4,206.—Internal connections of Westinghouse selective differential current relay. This 
relay is intended for short circuit and ground protection of parallel lines. It operates on 
current alone. Ft has two overload elements acting. upon a common disc through a com- 
mon magnetic circuit. Each element is connected separately to its own current transformer 
in corresponding phases of two balanced lines. The two elements are electrically opposed 
and under a'condition of balanced line loads the fluxes in the magnetic circuit of the relay 
are equal and opposite giving a resultant zero torque on the relay disc. Under these con- 
ditions the disc which carries the moving contact is held in a middle position by the control 
springs. These springs are initially restrained in the zero position which prevents the disc 
making any movement until a predetermined current unbalance exists between the 
two lines. Under the proper conditions of current unbalance, the disc can rotate 80° in 
either direction from zero and make contact on either side. Thus the Moving contact acts 
as a single pole double throw switch in the trip circuits of the circuit breakers of the two 
balanced lines, and will trip out the circuit breaker on the line carrying the heavier load. 
This action is the same regardless of the relative directions of the currents in the two lines. 





2,362 ; Relays 





on the system. With systems normally grounded at one point 
only, the existence of a current to ground is an indication of 
an abnormal condition. 


This ground current may be detected directly, or as the difference from 
zero of the vectorial sum of the line currents at any point (this current is 
called the “residual current’’). , Complete protection is never obtained in 
this way, since these schemes are not sensitive to short circuits between 
phases. у 


Over Current with Under Voltage.—According to this prin: 


POWER BUS 





Fic. 4,207.—Westinghouse selective differential relays applied to four parallel feeders. Only 
one phase is shown. The arrows indicate instantaneous directions of the current under 
normal line conditions. 


ciple, when there are short circuit conditions, the voltage at 
points close to the fault is very low when the current is very high, 
while the voltage is progressively higher and the current is sub- 
stantially the same at points nearer the generating station. The 
protective device using this principle is essentially an over 


BIMETAL 
SPRINGS 


THERMAL ELEMENT 
CASE 


CIRCUIT TO CURRENT TRANS 


тє. 4,208.—Diagram of internal conrections of Westinghouse thermal overload relay, 60 
cycle. The active element in the reiay is made up of bimetallic springs which are, con- 
nected either by means of suitable shunts or current transformers so as to receive a current 
proportional to the load current. The inner end of each spiral spring is fastened to a com- 
mon shaft which is pivoted at each end. Due to the heating effect of the current as it flows 
through the bimetal springs a deflection results which causes the shaft to rotate. Near 
the top of the shaft is mounted an indicating dial carrying the moving contact. The sta- 
tionary contact is mounted on the upper indicating dial. The position of this dial and 
contact can be changed by moving the time lever on top of the case of the thermal element 
and in this way it is possible to adjust the time of operation of the relay with a given current. 
flowing through the bimetal springs. A glass window in the case makes it possible to see 
the dials for setting the position of the stationary contact, and observing the temperature 
indication of the lowe: dial. The position of the lower dial and the moving contact is de- 
pendent upon the temperature of the bimetal springs, while the position of the upper dial 
and stationary contact is determined by the setting of the time lever. The dials are divided 
into eight equal parts. The numbers 0 to 8 are arbitrary markings and are used for refer- 
ence in setting the time delay. The trip circuit of the relay is closed when the same num- 
bers on both dials are approximately in line. For example, in case of a circuit closing relay 
whose contacts are normally open, if number 7 of the upper dial be placed under the hair 
line of the glass window the contacts will close when number 7 of the lower dial comes under 
the hair line. The relative position of the two dials, therefore, determines the time delay 
before the trip circuit is operated for a definite load condition. 
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current inverse time device in which the time setting is auto- 
matically adjusted to be proportional to the voltage, so that 
the lower the voltage the lower is the time setting. Therefore, 
the ends of the faulty section nearest the short circuit clear 
in the minimum time, while the time settings at all other 
points on the system automatically assume higher values. 
This principle is usually combined with the directional principle. 


Thermal.—Relays acting on this principle depend not on the 
value or duration of the current, but on the rise of temperature 
due to an abnormal condition. 

The thermal principle does not give complete protection, but 
must be combined with short circuit protection. 


Classification of Relays.—In all electrical installations pro- 
tection of apparatus is important, but in some large central 
stations this is secondary to continuity of service. 


To combine maximum protection without interruptions of service is not 
always possible, but these requirements can be approximated very closely 
by the use of reliable and simple controlling or protecting devices if proper 
care be taken to select the relays suited to the speciel conditions of the 
installation. To do this intelligently, a knowledge of the principles just 
given and the various types of relays developed to embody one or more of 
these principles is necessary. 


There is a multiplicity of types and a classification to be com- 
prehensive, should, as in numerous other cases, be made from 
several points of view. Accordingly relays may be classified: 


1. With respect to the nature of the service performed, as 


a. Protective; 
b. Regulative; 
c. Communicative. 
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2. With respect to the operating current, as 


a. Alternating current; 
b. Direct current. 


3. With respect to the manner of performing their function, as 


a. Circuit opening; 
b. Circuit closing. 


4, With respect to the operating current circuit, as 


a. Primary; 
b. Secondary. 


5. With respect to the abnormal conditions which caused 
them to operate, as 


. Overload, , 
. Underload; 

Over voltage; 

. Low voltage; 

. Reverse energy; 

Reverse phase. 


ооо 


6. With respect to the time consumed in performing their 
function, as 


a. Instantaneous (so-called); 
b. Definite time limit; 
c. Inverse time limit. 


7. With respect to the character of its action, as 
a. Selective; 


b. Differential. 


8. With respect to whether it act directly or indirectly on 
the circuit breaker, as 


a. Main; 
b. Auxiliary. 


r 


— wt 
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Protective Relays.—These are used to protect circuits from 
abnormal conditions of voltage, or current, which would be 
undersirable or dangerous to the circuit and apparatus con- 
tained therein. 


Ques. How do protective relays operate? 


Ans. They act in combination with automatic circuit 
breakers, operating when their predetermined setting has been 
teached, energizing the trip coil of the circuit breaker and 
opening the circuit. 


Regulating Relays.—This class of relay is used to control 
the condition of a main circuit through control devices operated 
by a secondary circuit. 


~ 


Ques. For what service are relays of this class employed? 


Ans. They are used as feeder circuit or generator regulators. 


Ques. How do they differ from protective relays? 


Ans. They have differentially arranged contacts, that is to 
say, arranged for contact on either side of a central or normal 
position. 


Communicative Relays.—These are used for signalling in a 
great variety of ways for indicating the position of switching 
apparatus or pre-determining the condition of electric circuits. 


A.C. and D.C. Relays.—As nere used, the classification re- 
fers to the kind of current used on the auxiliary circuit. In 
some cases direct current is used to energize the trip gear of 
the circuit breaker or oil switch, and in others, alternating 
current. 


3 Í 5 5. 
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A.c. and d.c. relays are respectively known as eircuit open- 
ing and circuit clesing relays, being later fully described. 


Circuit Opening Relays.—The duty of a circuit opening relay 
is to open the auxiliary circuit, usually alternating current, and 
thereby cause the oil switch or circuit breaker to be opened by the 
use of a trip coil in the secondary of a current transformer, or by 
low voltage release coil. 
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Fic. 4,209.— Diagram illustrating the operation of a circuit opening relay. When the relay 
contacts are in the normal closed position, as shown, the coil is short circuited. When the 
predetermined abnormal condition is reached in the main circuit, the relay contacts are 
opened with a quick break, sending the current through the trip coil momentarily, and 
opening the breaker. 


'fhe trip coil of the breaker is generally shunted by the relay contacts 
and when the moving contact of the relay disengages from the stationary 
contact, the current from the transformer which supplies the relay, flows 
through the trip coil thus opening the breaker. These features of operation 
are shown in fig. 4,209. 


, 
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Ques. Where are circuit opening relays chiefly employed? 


Ans. In places where direct current is not available for ener- 
gizing the trip coil. 


Ques. Whatis the objection to alternating current trip coils? 
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Fic. 4,210.—Diagram illustrating the operation of a circuit closing relay. When the pre- 
determined abnormal condition is reached in the main circuit, the relay closes the auxiliary 
circuit, thus energizing the trip coil and opening the breaker. 


Ans. They have relatively high impedance and impose a 
heavy volt ampere load on the transformers. 


Circuit Closing Relays.—The duty of a circuit closing relay 
is to close the auxiliary circuit at the time when the pre- 
determined abnormal condition is reached in the primary cir- 
cuit. The closing of the auxiliary circuit energizes the trip coil 
and opens the breaker. 
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Fig. 4,210 shows the operation of a circuit closing relay. When the cur- 
rent or pressure in the main circuit reaches the predetermined value at 
which the protective system should operate, the relay magnet attracts the 
pivoted contact arm and closes the auxiliary circuit; this permits current to 
flow from the current source in that circuit and energize the trip coil thus 
opening the main circuit. 


Ques. What kind of current is generally used for the aux- 
iliary circuit of a circuit closing relay? 


Ans. Direct current. 





Fic. 4,211.—General Electric single pole induction overload relay. The principles of op- 
eration are similar to those of induction meters. These relays are circuit closing and operate 
with a time relay which is inverse at low current values and which approaches a definite 
time at high current values. In operation, the holding magnet keeps the contact closed 
until circuit breaker opens. The trip circuit must be opened by a separate auxiliary switch. 


Ques. At what pressure? 


Ans. From 125 to 250 volts. 


Ques. Where is this current usually obtained? 


Ans. From a storage battery, or from the exciter. 
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Ques. For what current are -the contacts ordinarily de- 
signed? 


Ans. About 10 amperes. 





Fic. 4,215.—Current tap plate of General Electric single pole induction overload relay. The 
primary winding of the saturating transformer is provided with taps for different current 
settings. Connection for any tap is made by means of a tap plug which is screwed into the 
terminal of the tap until its shoulder bears against the face of the tap plate. This plate 
is permanently connected to one of the current studs of the relay, and is numbered for the 
identification of the taps. The numerals 4, 5, 6, 8, and 10 represent the minimum current 
in amperes that each tap requires to cause the relay to close its contacts. The ampere 
rating of the tap used should approximately equal the secondary current which corresponds 
to the normal “full load” current of the line or machine to be protected. 


NOTE .— Operation of induction overload relays. See figs. 4,212 to 4,214. When an 
overload occurs, the rotation of the disc, actuated by a “U” shaped driving magnet and re- 
tarded by a pair of permanent magnets, causes the contact tips to be forced together after 
an interval of time, which is dependent upon the current, also the starting position of the 
disc as predetermined by the setting of the time lever. The driving torque is generated by 
the phase splitting action of shading coils on the pole faces. The coil of the holding magnet 
is connected in series with the tripping contacts, causing this magnet to be energized at the 
instant the contacts close, and to attract and firmly hold an armature secured to one of the 
contact members. This holds the contact firmly closed until the tripping current is inter- 
rupted by a circuit opening auxiliary switch on the circuit breaker, thus preventing flashing 
^ burning of the contact surfaces. 
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Primary and Secondary Relays.—Primary relays are some- 
times called series relays as they have the current coils con- 
nected directly in series with the line, both on high and low 
tension circuits. Ў 

Secondary relays receive their current supply from the sec- 
ondary circuits of current transformers. Alternating current 
relays connected to secondary of pressure transformers and 
relays with both current and pressure windings are included in 
this class. 

Secondary relays are more accessible and more easily adjusted than pri- 
загу relays, as they are always at low voltage, which makes it possible to 
change the calibration or even the coils without the necessity of shutting 
down the lines, regardless of their voltage. Such relays are subjected to 
secondary load conditions only; consequently, the mechanical construction 
does not receive the heavy service that series relays are subject to, and, 
therefore, a greater degree of refinement and more accurate characteristics 
are obtainable. For these reasons, secondary relays are used for the major- 
ity of conditions that require the automatic tripping of oil switches. The 
secondary relays operated by current are connected to the secondary cir- 
cuits of current transformers and in operating the contacts are either instan- 


taneous or time limit. The latter are used extensively to obtain selective 
opening of circuits in a pre-determined sequence. 


Ques. What is the usual winding of the coils? 


Ans. The current coils are usually wound for 5 amperes and 
the pressure coils for 110 volts. 


Overload Relays.—Series relays are connected directly in 
series with the line and are chiefly used with high pressure oil 
break switches for overload protection. If current transformers 
are to be used on the same circuits for other purposes, and 
have sufficient capacity to admit of adding a relay coil, sec- 
ondary relays would be more economical; otherwise, the series 
relays are less expensive. 


By means of a specially treated wooden rod, the relay operates a tripping 
switch, closing a separate tripping circuit, usually 125 or 250 volts direct 
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Fic. 4,218.—Connections for three phase, three wire circuit, neutral grounded with General 
Electric induction overload relay. Auxiliary switch open when oil circuit breaker'is open. A 
circuit opening auxiliary switch which will be operated by the pening movement of the 
breaker to be tripped, must be connected in series with the relay contacts. 


Fic. 4,219.—Connections for two phase, four wire circuit with General Electric induction over- 
load relay. Auxiliary switch open when oil circuit breaker is open. 
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Fic. 4,220.—Connections for three phase, 
four wire circuit with General Electric 
induction overload relay. Auxiliary 
switch open when oil circuit breaker is 
open. 
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current. Series relays are essentially the same as secondary relays except in 
the coii winding and insulation. 


Underload Relays.—These are similar in construction to low 
voltage relays but have current instead of pressure windings. 


Over Voltage Relays.—These are usually of the circuit clos- 
ing type and are similar to secondary overload relays, but have 
pressure instead of current windings. 
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Frc. 4,221.—Connections of General Electric induction under voltage relay for protection o} 
a three phase system. 


Low Voltage Relays.—Relays of this class are in most cases 
used for the protection of motors in the event of a temporary 
weakening or failure of the pressure. They are also used in 
connection with a low voltage release or shunt trip coil on an 
oil switch or a circuit breaker. 


Reverse Energy Relays.—The chief object of this species of 
relay is to protect the generator. When so used, the overload 
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adjustment is set at the maximum value to give overload pro- 
tection only at the maximum carrying capacity of the generator 
and a sensitive reverse protection to prevent a return of energy 
from the line. 


Reverse Phase Relays.— This type of relay is used chiefly 
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Fic. 4,222.—View of General Electric induction overload relay showing relation of contact, 
time lever and black spot on disc. The time lever scale is adjusted so that when the time 
lever is set on zero the contacts are just closed. The contact springs are adjusted to give 
the contacts a separation of 634 in. when free. A black spot has been painted on the edge 
of each disc. The center of this mark should come exactly on the center line of the bracket 
supporting the permanent magnets when the time lever is set at zero. 


NOTE.—Saturating transformer of General Electric induction overload relay. This device 
is mounted in the relay case. The primary winding is connected to the current studs of the 
relay and the secondary winding is connected directly in series with the coils on the “U” 
shaped magnet which drives the disc. At high currents the saturation characteristic limits 
the torque and produces approximately definite time action. 
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to prevent damage in case of reversal of leads in re-connecting 
wiring to two or three phase motors. 


Time Element.—It is often inconvenient that a circuit 
breaker should be opened immediately on the occurrence of 
what may prove to be merely a momentary overload, so that 
time lag attachments are frequently provided, particularly with 
relays. These devices, which may form part of the relay or 
may be quite distinct from it, retard its action until the over- 
load has lasted for a pre-determined time—several seconds or 
more. 
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Fic. 4,223.— Time index plate of General Electric induction overload relay. Each time of 
operation given on the index plate carresponds to some multiple of the minimum Operating 
current for which the tap plug is set, and some position of the time lever (the designation 
“Times Current Tap Setting" at each end of the index plate refers to the adjacent column 
of multiples, or numberz of times the current tap setting). 


Ques. What should preferably govern the time lag? 


Ans. It should depend on the extent to which the overload 
is reduced as the time elapses. 


So Called Instantaneous Relays.— The so called instantaneous 
relays operate almost instantly on the occurrence of the ab. 
normal condition that they are to control. 
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There is of course a slight time element comparable with that of an over- 
load circuit breaker, but for practical purposes, the operation may be 
considered as instantaneous. 


Time Limit Relays.—Under this classification there are two 
sub-divisions. i i 


1. Definite time limit; 
2. Inverse time limit. 


Ques. Describe the time mechanism of a definite time 
limit relay. 


Ans. It consists of an air dash pot, and an air diaphragm or 
equivalent retarding device connected to the contact mech- 
anism. 


Ques. How does it operate? 


Ans. In some designs, when the contacts are released, they 
descend by gravity against the action of the retarding device 
thereby making contact a definite interval after the occurrence 
of the abnormal condition. . 


Ques. How does the inverse time limit type operate? 


Ans. The actuating and contact mechanism is attached di- 
rectly to an air bellows and in operation tends to compress the 
bellows against the action of a specially constructed escape 
valve in the latter. 


Ques. Why is the arrangement called inverse time limit? 


Ans. Because the retardation varies inversely with the pres- 
sure on the bellows, and therefore inversely with the magnitude 
of the abnormal condition. 
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Ques. What other device may be used to retard the op- 
eration? 


Ans. A damping magnet is sometimes used which acts on a 
disc or drum and which may be adjustable. 


Ques. How is the inverse time element introduced by this 
arrangement? 


Ans. The retardation is due to eddy currents induced by 
moving the disc or drum through the magnetic field. The re- 
action thus induced varies inversely with the magnitude of the 
force with which the disc or drum is urged through the field 
and hence inversely with the abnormal condition. 


Ques. What are the ordinary limits of adjustment for in- 
verse time limit relays? 


Ans. From one-half second to 30 seconds, depending upon 
the time setting and magnitude of the'overload current. 


A setting of from two to six seconds is ordinarily used, depending upon 
the requirements. Where selective operation is desired a minimum setting 
of two seconds is recommended. 


Differential Relays.—In this type of relay there are two 
electromagnets. In normal working these oppose and neutral- 
ize each other. Should, however, either winding become 
stronger or weaker than the other, the balance is upset, the 
magnet energized, and the relay comes into operation. 

A modification of such a relay for alternating current is 
shown in fig. 4,233. Assume that the circuit A, has the larger 
pressure induced in it, whereas, should the main current reverse 
with reference to the shunt current, the circuit B, would have 
the larger induced pressure. 
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Impedance or Distance Type Relay.— This relay is of the in- 
duction disc type, similar to the ordinary over current type 
relay, but with the addition of a voltage restraining coil which 
is connected mechanically to the disc and to the contact 
mechanism. Fig, 4,224 shows an impedance relay of the non- 
directional type with the cover removed. 


The disc is rotated whenever the current in the current coil exceeds a 
definite value and is damped by the permanent magnets in such a manner 





Fic. 4,224.— Westinghouse non-directional impedance relay with cover removed. 


that its speed is approximately proportional to the magnitude of the cur- 
rent. Instead of operating the contacts directly, the movement of the disc 
winds up a spring, one end of which is fastened to a shaft that is geared 
to the disc shaft. - The other end of the spring is connected by means ofa 
lever to a rocker arm pivoted at its center and mounted directly above 
the disc. This rocker arm carries the contact on one end. The core of 
the restraining coil is suspended from the other end. 
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Directional Current Coil 


Fic. 4,226.—Internal connections of Westinghouse non- 


directional impedance relay. 


Case Grounding Stud 





In operation, the pull of the vol- 
tage coil, which opposes the closing 
of the contacts is directly propor- 
tional to the voltage. It will be seen 
that for any given applied voltage, 
the spring must be wound up’a defi- 
niteamount beforeenough pull will be 
developed to overcome the pull of the 
voltage coil and close the contacts. 
The speed with which the spring is 
wound to this definite amount is de- 
pendent on the magnitude of the 
current. The time of operation, 
since it is directly proportional to 
the voltage and inversely propor- 
tional to the current, is proportional 

_to the impedance or the distance 
& from the fault. Thus, by properly 
€ setting the relays, discriminative 
8 action can be obtained by means of 
S which the relay nearest the fault 
& will operate and opem its circuit 
= breaker Before any other relay on the 
$ other sections of lines will close its 
3 contacts. 


Since in some cases a delta voltage 
may be reduced to zero without af- 
fecting the magnitude of the star 
2 voltages to any great extent, and 


use two relays per phase where line 
© and ground protection are desired on 
B a grounded system. One set of re- 
9 lays will be restrained by the delta 
€ voltages and one by the star volt- 
5 ages. 
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This impedance relay may be com- 
a bined with an ordinary directional 
i watt element to give a directional 
S impedance relay which will trip its 
7 breaker only when the power flow 
& is in the predetermined direction. 
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Induction (Instrument Type) Inverse Time Limit Relay.— 
The instrument type relay is not as rugged mechanically as 
the solenoid relay, and the contacts are not as heavy, although 
it affords instrument accuracy and gives satisfactory operating 
characteristics. 
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Fic. 4,227.—Pictorial diagram of Westinghouse impedance (distance) relay. As usually ap- 
plied this relay requires for its operation the use of current and voltage transformers. The 
current element tries to close its contacts in a time varying inversely as the current whereas 
the voltage coil holds then. open for a time varying directly as the voltage. Stated math- 
ematically 

E 


E 
T= т but Ss =Z =impedance =distance. 


Stated in non-mathematical language, the time of operation of this relay varies as the dis- 
tance of the short circuit from the relay. This applies not only to “‘dead”’ but also to “high . 
resistance” short circuits, assuming that the latter be possible. 


If the tripping current be too heavy for the relay contacts, they may 
be connected to a tripping relay that is instantaneous and requires only 
a small amount of current to operate. 


The time delay is obtained by a specially designed rotating 
induction disc similar to that used in watt meters. 
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Fic. 4,229.—Mechanism of CONTACT Pl 
overload induction type 
relay. 
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Fic. 4,228.— West- 
inghouse induction 
type relay with ad- 
justable defirite 
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lime element. This 
is a reverse power 
(power directional) 
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As shown in fig. 4,229 the movement of a contact pin on a gear closes 
the contacts. The current calibration is obtained by using different taps 
in the current coil, and in this way controlling the speed of the disc. The 
time calibration is obtained by adjusting the distance through which the 
disc travels before contact is made. 


*How to Select Relays.—The following general information 





Generating 
Station 


Еле. 4,230.—Diagram of transmission system illustrating the use of impedance (distance) 
relays. The conditions most difficult for proper discrimination in the time element are 
those encountered by relay A and B, when a short circuit occurs at the point X. Since 
both A and B, have the same current flowing throu them, the increased time element 
required by B, can only be obtained by the increase in voltage at B, above that at A. The 
impedance relay is so designed that, if with the minimum Possible short circuit current 
which can flow to X, there is a difference of 5% in “the voltage between A and B, proper 
discrimination will be obtained. For heavier short circuit where the drop in voltage will 
be more than 5% the action of the relays can be made much quicker and more reliable. 
In other words, the only limitation on the application of the impedance relay is that the 
sub-stations or the switching stations must not be too close together. Another condition 
which must be met is that which is due to a short circuit at Y, in the diagram. Under 
such a condition the relay at C, in sub-station N, should of course aperate, but the voltage 
and current conditions will be exactly the same on both relays C and D. Therefore, in order 
to prevent the relay D, operating, it is necessary to equip it with a device similar to a check 
valve which will prevent it operating whenever power is flowing into the sub-station. This 
device is known as the directional element and consists of a contact making watt meter 
with its contact in series with the main contact of the relay. This principle is the same 
as that employed in the impedance relay. In the diagram the arrow shows where directional 
relays are required and also indicates by the same symbol, the direction in which they 
will operate when trouble occurs. 


*NOTE.—As suggested by the Genera! Eiectzric Co 
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on relays, will be of interest and assistance in making a selec- 
tion from the various relays previously described to meet the 
requirements of modern power house and sub-station layouts. 


Single pole relays are used on single phase and on balanced three 
phase circuits. 


Double pole relays are used on ungrounded three phase and on quarter 
phase. 
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Fic. 4,231.—Time distance curves for impedance relays. Example: lf in fig. 4,230 trouble 
should occur at X, the relay at A, should operate in say .l second. The circuit breaker 
will require about .25 second to open, the total time required to clear the short being .35 
second. Now the relay at B, should have sufficient time delay so that it will not close its 
contacts before the breaker at A, has had a chance to open (.35 second). If this time be 
doubled in order to allow an ample margin of safety, a reasonable setting for the relay at B, 
is then obtained. Therefore, the dash line across the diagram is drawn to indicate the 
maximum time which should be required to operate any relay. This is the extreme case; 
the average short circuit will be cleared in considerably less time. This difference in time 
between adjacent stations is of course due to the difference in voltage between them. With 
the present design of relay the difference in voltage between two consecutive stations carry- 
ing the same trouble current must be at least 5% in order to secure proper discrimination . 


Triple pole relays are used on three phase grounded neutral and inter- 
connected quarter phase. 


Circuit closina relays are recommended in all cases where a constant 
source of direct current is available for operating trip coils. 
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Considering first alternating current circuits, the prevailing practice is to 
make the circuit breakers by which the alternators are connected to the low 
tension bus non-automatic, in order to insure minimum interruption of 
alternator service. The chance of trouble in this part of the circuit is 
remote, but should it occur, the station attendant could generally open the 
circuit breaker before the machines are injured. 


Reverse current relays of instantaneous or time limit types are often 
connected to the secondaries of current and of pressure transformers to indi- 
cate by lamp or bell any trouble that may occur in the generator circuit. 





Distance 
Element 


lagnet у Adjustable 
Potential Tesisten, 
Fic. 4,232.—Diagram of Westinghouse impedance (distance) relay with directional element. 


These relays operate with a low current reversal at full pressure and 


conversely with a proportionally greater current at voltages less than 
normal. 


At zero pressure, the relay would act as an overload one, set for high 
overload. 


. At zero current, a vultage considerably in excess of normal would: be re- 
quired to operate it. 


Specifications sometimes call for automatic generator circuit 





=- =- = =- - 7 1 - - 


5 Relays 2,387 





~ 


breakers; in this case definite time limit overload relays are used. 
They are connected in the secondaries of current transformers 
and are designed to give the same time delay for all trouble 
conditions; they allow the defective circuit to be opened, if 
possible, at a point more remote from the alternator than the 
alternator circuit breaker. 

When the total alternator capacity exceeds the rated rup- 
turing capacity of the circuit breakers, one or more sectional- 
izing circuit breakers are placed in each bus. 


If operating conditions admit, these devices are made non-automatic and 
are left disconnected except in case of emergency; but if it be necessary for 
them to be continually in service, they may be made automatic by means of 

’ instantaneous overload relays connected to current transformers in the low 
voltage bus; the relays being adjusted to trip the circuit breaker under short 
circuit conditions, confining the trouble to one section and preventing the 
circuit breakers rupturing more than their rated capacity. 


Installations with but one bank of power transformers, and 
without a high voltage bus, are provided with automatic circuit 
breakers operated by an inverse time limit relay. 

The relay is connected to the secondaries of current transformers, which in 
turn are connected in the low voltage side of the power transformer. 


Stations with more than one bank of power transformers, a high voltage bus, 
and high and low voltage circuit breakers, may have both circuit breakers 
arranged to trip at the same time or one after the other. As in the former 
case, they are operated from the inverse time limit relay connected in the 
low voltage side. 


In plants in which two or more banks of transformers are 
operated in parallel between high and low voltage buses, it is 
desirable to have for each transformer bank, an automatic cir- 
cuit breaker equipment which will act selectively and discon- 
nect only the bank in which trouble may occur. With a circuit 
breaker on each side of the transformer bank, selective action 
may be secured in two ways as follows: 
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1. By means of an instantaneous differential relay connected 
in the secondaries of current transformers installed on both the 
high and low voltage sides of each transformer bank. 


The relay operates on a low current, reversal on either side of the bank. 


2. By means of one inverse time limit, secondary or series 
relay installed on that side of the transformer bank which is 
opposite the source of power, the relay being arranged to trip 
both the high and low voltage circuit breakers. 








ALTERNATOR 


Fic. 4,233.—Differential relay transformer and reverse current circuit breaker discriminating 
device. A differential relay is one whose electro-mainet has two windings. In normal work- 
ing these oppose avd neutralize one another. Should, however, either winding become stronger 
or weaker than the other, the balance is upset, the magnet is energized, and the relay comes 
into operation. A modification of such a relay for alternating current is here shown, from 
which it will be seen that when the currents are as indicated, the circuit A, has the larger 
pressure induced in it, whereas, should the main current reverse with reference to the shunt 
current, the circuit B, would have the larger induced pressure. 


The first method has the disadvantage of high first cost due to the high 
voltage current transformers required, but is more positive than the second 
method and is independent of the number of transformer banks in parallel. 

The second method is the less expensive of the two and protects against 
overloads as well as short circuits in the transformers, but it is less positive 
and introduces delay in the disconnection of the transformer when trouble 
occurs. Furthermore, it is not selective when less than three banks are 
operating in parallel. 
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The automatic circuit breakers in the outgoing line may be 
operated from inverse time limit relays connected in the sec- 
ondaries of current transformers; or in case transformers are 
not necessary for use with instruments, series high voltage in- 
verse time limit relays connected directly on the line may be 
used. 

Whether to select current transformers with relays insulated 
for low voltage, or to choose series relays, is a question of first 
cost and adaptability to service conditions. Below 33,000 volts, 
the commercial advantages in favor of the series relay are slight, 
and since it is somewhat difficult to design this device for the 
large current capacities met with at the lower voltage, it is 
generally the practice to use the relay with current transformer, 
because of its operating advantage. This practice, however, is 
not entirely followed, since some service conditions (described 
later) make the use of series relays very desirable and practical. 

Inverse time limil relays are satisfactory for one, or more 
than two outgoing lines in parallel as they act selectively to 
disconnect the defective line only, but installations with only 
‘two outgoing lines in parallel have the same load conditions in 
- both lines and selective tripping of the circuit breakers in the 
defective line is obtained by means of a selective relay acting 
without delay under short circuit conditions only. 


The relay design and action is similar to the reverse current relay pre- 
viously mentioned, and is connected to the secondaries of current trans- 
formers in each high voltage line and pressure transformers in the low 
voltage bus. 


In the sub-station, the conditions are the reverse of those in the main 
station, the incoming lines becoming the source of power. 


If there be only one incoming line and no high voltage bus, the line circuit 
breaker is generally non-automatic. With one incoming line and high 
voltage bus, the circuits from the service side of the bus are equipped with 
automatic circuit breakers and relays. These relays and those used for 
other arrangements of two or more incoming lines in parallel, as well as 
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high and low voltage circuit breakers, are of the same design and are applied 
‘in the same manner as for the generating station. 


Regarding the relay equipment for auxiliary machines, the same prac- 
tice is recommended with the generator end of alternating current motor gen- 
erator sets as with the main generators, the outgoing feeder circuit breakers 
being tripped from inverse time limit or so called instantaneous relays. 


With several synchronous machines in parallel, the relays are arranged to 
operate with the least time delay with which it is possible to get selective 
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F16s. 4,234 and 4,235.— Diagram of external connections, Westinghouse phase balance current 
relay. It consists of four branches F, E, D, and R, which are connected in series and 
whose four corners are connected to two current transformers. These two current trans- 
surmers are connected to two of the three phases of the circuit. F, resistance; D, plusG, an 
impedance; E, reactance; R, relay element itself, which issimilar to the standard induction 
over current relay. The relay is so designed that no current flows through the relay element 
R, so long as the polyphase circuit is balanced and the phase rotation iscorrect. Upon the 
occurrence of one of the abnormal conditions mentioned above, the relay element receives 
an appreciable value of current and operates. The relay has two separate and distinct 
settings, one for amperes and the other for time element. 


action, in order to prevent the machines being thrown out of step in event 
of trouble conditions causing a decrease of voltage. 


The various types of induction motor and various conditions under which 
they are employed, have brought about the development of several types 
of relay to protect the motors and the apparatus with which they are used. 
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It is desirable to disconnect a large motor in case of voltage 
failure, and with conditions requiring either a motor operated, 
or a solenoid operated circuit breaker, a low voltage relay is 
used to close the tripping circuit whenever the voltage decreases 
to, approximately, 50 per cent. below normal. 


Up to 550 volts, these relays may be connected across the line, but for 
higher voltages they are connected to secondaries of pressure transformers. 
Smaller motors with which hand operated circuit breakers are used, are gen- 
erally provided with low voltage release attachments that perform the same 
function as the relay. 


Induction motors are sometimes subjected to high voltage 
conditions and to protect them from injury, high or excess 
voltage relays are employed to trip the automatic circuit 
breaker. These relays are of similar design and wired in the 
same manner as the low voltage relays. 

Reverse phase relays have been developed for operating con- 
ditions under which a reversal of phase would cause trouble, 
as for example, in the case of elevator motors. 


These are so designed that any phase reversal that would reverse an 
induction motor would operate the relay and disconnect the automatic 
circuit breaker. 


The design is based on the principle of the induction motor, and in the 
case of low voltage motors of limited capacity, the relay may be connected 
in series in the motor leads. If the voltage or capacity of the motor make 
this arrangement 1nexpedient, the relay may be placed in the secondaries 
of current or pressure transformers connected in the motor leads. 


Underload relays are often used to trip the automatic circuit 
breaker that is placed in the primaries of arc lighting circuits to 
prevent an abnormal rise of secondary voltage.in case of a 
break in the secondary circuit. 


The underload relay is similar in design to the low voltage relay except- 
ing that it acts on a decrease of current. 
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The problem of protecting induction motors, from injury 
that may result from running on single phase, or from an over- 
load, and at the same time permit the motor to be started with 
the necessarily high starting current that may be greatly in 
excess of the overload current, has caused the development of 
the series relay. 


This device may be connected in series with the motor leads for voltages 
up to 2,500; it is designed with an inverse time limit device which may be 
adjusted to give the desired protection. 


The field for relays is more extensive for alternating current 
than for direct current power circuits, the latter being generally 
confined to much smaller and simpler systems and areas of 
distribution, and generally sufficient selective action can be ob- 
tained by the use’ of fuses or circuit breakers arranged with 
instantaneous trip. 


Operating conditions sometimes make it advisable for the 
generator circuit breakers to open only after the auxiliary and 
feeder circuit breakers have failed to isolate the trouble. 


This is accomplished by using direct current series inverse time limit 
relays to trip the generator circuit breakers. 


* Instantaneous reverse current relays are used to trip the ma- 
chine circuit breaker of battery charging sets, rotaries and motor 
generator sets to prevent their running as a motor on the 
charging or direct current end. These relays can act only in 
case of current reversal. 


*NOTE.—Stríctly speaking the word tnsfantaneous should never be used because it is 
impossible for any kind of a device to operate instantaneously. It is used for convenience to 
distinguish a very quick-acting device from others which require a longer time interval in their 
operation. 
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Fic. 2,436.—Characteristic curves showing burden placed on the current transformer with 
various currents flowing in the relay windings. 
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TEST QUESTIONS 





. What is a relay? 

. Name the various principles on which relays operate. 
. What is understood by the term inverse time? 

. What is the difference between inverse time and defi- 


nite time? 


. Explain the terms directional and differential. 
. Explain over current with under voltage. 

. State the thermal principle. 

. Give classifications of relays. 

. How do protective relays operate? 

10. 
ГІ; 
12. 
13. 
14. 
T5: 


How do regulating relays differ from protective relays? 

What are communicative relays? 

Explain the classification a.c. and d.c. relays. 

What are circuit opening relays? 

What is a circuit closing relay? 

What is the difference between primary and secondary 
relays? 

Describe an overload relay. 

How does an under voltage differ from an over voltage 
relay? 

Describe a reverse energy relay. 

What is a reverse phase relay used for? 

Explain the time element. 
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21. 
22. 
23. 


24. 
25; 


26 


How do so called instantaneous relays operate? 

Describe the construction and operation of a time 
limit relay. 

Describe the construction of a differential relay. 


How does an impedance or distance type relay work? 

Describe the induction instrument type inverse time 
limit relay. 

Give some general information on how to select a relay. 
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CHAPTER 77A 


Plunger Type Relays for Over- 
current and Auxiliary Service* 


This group of relays operate on the solenoid principle and are 
shown 1n figs. 1 to 5. 





Fics. 1 and 2.—Plunger type over-current circuit, closing and circuit-opening relays re- 
spectively. 


*The relays discussed are manufactured by the General Electric Co. 
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Each relay consists essentially of an iron clad operating coil 
and a movable plunger. The plunger actuates contacts which 
opens or closes the controlled circuit, depending upon the par- 
ticular application. 





F168. 3 and 4.—Relays with cover removed. 


Operation Principles.—When due to certain conditions in the 
circuit to be protected, tlie current exceeds the value at which 
the relay is set to operate, the plunger raises and carries up with 
it the movable cone contact, or it strikes against the center of 
the toggle mechanisms, depending upon the type of contacts in 
the relay, the contacts are thus caused to function. Г 

Generally, when a relay functions to open its contacts it is 
referred to as a circutt-obening type, and when it functions to 
close its contacts, it is referred to as the circuit-closing type. In 
this manner the function of the contacts of a relay is most 
frequently used as a means of identification, a relay being 
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circuit-closing or circuit-opening or circuit-opening and circuit- 
closing. 


Timing Features.—In regard to speed of operation a relay 
may be referred to as instantaneous or time delay. The word 
instantaneous conveying a general qualifying term applied to 
any relay indicating that no delayed action has been purposely 
introduced. 

The time relays are similar in construction to the instantane- 
ous type, except for the addition of an air bellows which limits 
the rate of travel of the relay plunger, and in this way intro- 
duces an interval of time to the opening or closing of the relay 
contacts. 

This time delay may be regulated to suit the special service 
desired, which is accomplished by means of a needle valve 
located in the head of the bellows as shown in fig. 5. This valve 
controls the rate of air flow from the bellows under various 
operating conditions. 

All relays with timing features belong to either of two classes, 
namely: 1, Inverse time, and 2, Definite time. 

The definite time relay is characterized by a compression 
spring interposed between an armature and a diaphragm of the 
air bellows. The contacts are actuated upon the movement of the 
diaphragm. With the function of the relay, the plunger tends to 
compress the spring which in turn reacts upon the diaphragm. 

Again, for the inverse time relays, this spring is made stiff 
enough to resist the aforementioned compression except for a 
heavy overcurrent. Thus the time of operation is in inverse 
proportion to the over-current, and hence the definition inverse 
time relay. 


Applications.— The aforementioned type of relays has a fairly 
broad field of application. However, it should be distinctly 
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Fig. 5.—Cross-sectional view of standard unit plunger type over-current. circuit-closing relay. 
inverse time or definite time. When bellows is omitted this relay is practically instantaneous. 
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understood that the type described is not intended to cover all 
kinds and types of application permissible. 

The various conditions attending individual installations 
very often vary, and hence each application should be carefully 
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D. C. OPERATING BUS 7 
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THREE 
PHASE SOURCE 
(Generator or Transformer) 
WITH UNGROUNDED NEUTRAL 


Fic. 6.—Indicating method of connection for over-current circuit-closing relays when a direct 
current source be available for tcippiug of the oil circuit breaker. Normally the trip coil circuit 
is open at the relay contacts. When tue over-current becomes suiliciently large for the relays 
to close its contacts, the trip coil becomes energized tripping the oil circuit breaker, removing 
the machine or source from the over-load. 


` 


analyzed and the type of relays selected which wili most nearly 
perform to the desired operation features. 

The application of the instantaneous and time relay is de- 
pendent upon local conditions and preferences. However, time 
relays are generally recommended where it is desirable to pre- 
vent interruption of the circuit where over-currents are only 
momentary., 
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The instantaneous types are most usually recommended 
where it is desirable to prevent damage, which may occur to 
machines and apparatus if not immediately disconnected from 
the source of load. For example, in the case of a large synchro- 
nous converter above 300 volt direct current, it is necessary to 
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Fic. 7.—In this circuit over-current protection is accomplished by means of a set of current 
transformers, with its associated relays and trip coils. In this system the relay contacts are 
normally closed. When the over-current through the coils exceeds that for which the relays 
are set to operate, the contacts opens, placing the trip coils in series with the relay coils, 
caus.ng the trip coils to trip the cirquit breaker. 


disconnect the unit from the line as quickly as possible in 
order to assist in extinguishing commutator flash-overs when 
they occur. Time relays are used extensively for over-current 
protection of motors or other machine circuits where a simple 
time delay is desired. 

In other applications, selective action may be desired and 
two or three stops of action are utilized. Systems of this kind 
are shown in figs. 8 and 9. 
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Locking Relays.—Sometimes due to special conditions, 
economy in oil circuit breakers may be effected by grouping a 
number of feeders together, controlled by one heavy duty 
breaker, and each separate feeder equipped with a light duty 
breaker. 
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Fia. 8.—Group breaker connections with a set of locking relays, to protect feeder breakers on 
excessive current (Group breaker only tripped). 


The feeder circuit breaker will have sufficient interrupting 
capacity to open the circuit upon the occasion of over-current, 
but not sufficient interrupting capacity to ciear a short-circuit 
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or excessive over-current. In such cases locking relays, as shown 
in fig. 8, are employed to lock the feeder breaker in. In this sys- 
tem each feeder is equipped with a complement of time over- 
current relays adjusted to function to trip the feeder breaker on 
simple over-current, and a set of instantaneous locking relays 
with high current coils, adjusted not to function as long as the 
primary current does not exceed the capacity of the feeder 
breaker, but to function instantaneously in case the current 
exceeds this value. 

The operation of the locking relays opens the tripping circuit 
of the feeder breaker, thus locking the feeder breaker closed, 
and closes the tripping circuit of the heavy duty group breaker. 

It will be noted that all of the circuit opening contacts are in 
series and the circuit closing in parallel, which condition is 
necessary for satisfactory operation in case of trouble in any 
phase of the system. ` 

Another method of application of locking relays to a group of 
feeder circuits is shown in fig. 9. Here as in the previously de- 
scribed circuit the locking relays operate only upon excessive 
over-current, in which case the locking relays closes the feeder 
breaker and opens the group breaker. у 

An additional relay equipped with a direct current coil is 
arranged to close instantaneously and reset (open) in a definite 
time is furnished as an auxiliary relay to work in conjunction 
with a circuit closing auxiliary switch on the group breaker to 
open the feeder breaker after the group breaker has opened. 

In this manner the operator is able to close the group breaker, 
without having to find which feeder is in distress and to open its 
breaker as he would otherwise have to do, 


Relay Calibration.—The setting of the relays, for operation 
at various currents passing through the coil, is accomplished by 
varying the position of the plunger in the coil. An adjustment 
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Fig. 9.—Group breaker connections with locking relays to protect feeder breakers on excessive 
Current (Group breaker tripped and then faulty feeder breaker). 
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nut at the bottom of the calibration tube is provided for the pur- 
pose. The values marked on the calibrating tubes for both the 
instantaneous and time relays represent the minimum number of 
amperes in the relay coil, which will lift the plunger and open 
or close the relay contacts. 

As already mentioned the time settings on all the inverse and 
definite time relays are obtained by means of a needle valve 
located on the top of the air bellows. This valve governs the. 
escape of air from the bellows. With the valve wide open the 
operation of the relay is practically instantaneous. A knurled 
lock nut is provided for locking the needle valve after the adjust- 
ment is made. Time delays can be introduced by adjustment 
within the limits of approximately 2/10 to 20 seconds with 
125% of the minimum current at which the relay is to function. 


Relay Tests and Setting.— The method and care used in 
testing and setting of relays, often determines its proper func- 
tioning, and hence the proper operation of the power system. 

It should be remembered that all tests should if possible be : 
made under conditions as nearly equivalent to the operating 
conditions as possible, which makes it desirable to include all 
the wiring and complete relay equipment in the test. 

The testing of the relay for time settings should be made with 
some form of timing device that gives absolutely accurate tim- 
ing intervals. The stop-watch method is entirely inadequate 
for fine calibration. 

'The determination of relay settings must receive careful 
consideration. An analysis of all circuit conditions is necessary 
and a calculation of the short-circuit currents which may be 
produced at different points on the system is desirable so that 
the selective time-current characteristic curves can be made 
comparative for different points of the system under con- 
sideration. | 
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The circuit contacts consist usually of carbon and may be 
adjusted for more or less contact pressure by bending the 
stationary contacts toward or away from the movable carbon 
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Fio. 10.— Testing circuit for circuit-closing relays. It should be noted that instrument 
employed in tests such as tirsers, frequency, volt and ammeters must be of precision type, 
otherwise the tests and setting of the relays cannot be accurately performed. 


The amount of current through the contacts should not ex- 
ceed 20 amperes for 1 minute or a continuous current of 214 
amperes. 


Tripping Source.—It is of paramount importance that a 
reliable tripping source be available for the proper functioning 
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of the relays. The tripping source may be either a.c. or d.c. 
depending upon local conditions. 

To mitigate the failure of the tripping source (as in the case 
of severe shorts in a.c. systems) tripping reactors are often 
used in connection with the relays. 
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Fig. 11.—Over-current protection by means of circuit closing plunger type relays. When 
tripping reactors are used, as in over-current and other type of relays, instrument and meters 
should be connected from an extra set of current transformers. The tripping reactors are fre- 
quently employed when a direct current or reliable alternating current potential is not avail- 
able as a tripping source for the relays. Normally the trip coil circuit is open and the reactor 
forms the closed circuit of the current transformer secondary. When the ever-current isofa 
sufficiently high value to cause operation of the relay, it closes the trip coil circuit in shunt 
with the reactor causing sufficient current to be passed through the coil to trip the breaker. 


In this case the trip coil circuit is open and the reactor forms 
the closed circuit of the current transformer secondary. When 
the relay operates it closes the trip coil circuit in parallel with 
the reactor, causing sufficient current to be diverted through 
the coil to trip the breaker. An application in which tripping 
reactors are employed is shown in fig. 11. 





Condensers 2,395 





CHAPTER 78 


Condensers 


The economical operation of a generating and distributing 
system is dependent on the maintenance of a relatively high 
power factor. The reduction in the output of alternators, trans- 
formers and distributing feeders, as well as the increasein 
heating and losses, and the impaired voltage regulation re- 
sulting from low power factor loads, are of such nature in the 
power plant that the improvement of power factor is a matter 
of utmost importance. 


Power Factor.—Although the author has given a whole 
chapter to power factor a brief explanation here is added for 
the convenience of the reader. 

By definition power factor is the ratio of power current to 
total current flowing in a circuit. 


When the voltage and current become out of phase, the current may 
be considered to be made up of two currents, one in phase with the voltage 
and the other 90° out of phase with it. The out of phase current is called 
the reactive or wattless component. It is stored energy that is being 
transferred back and forth through the circuit with no resulting losses, 
except the heat losses due to resistance. This loss occurs in the line and 
in all current carrying parts. 


When the power factor becomes low, large amounts of energy 
are expended in heating up conductors that would, under proper . 
operating conditions, be available for useful work. 
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` An inductance in a circuit will cause the current to lag with respect to 
the voltage and a capacity will cause it to lead the voltage. Under either 
condition there is a reactive component of the current with a consequent 
lowering of the power factor. The ideal condition would be where the 
inductance and capacity balance so that the current and voltage would 
be in phase. In this case the power factor would be 100%. In the major- 
ity of cases low power factor is due to the current lagging the voltage. 


Apparatus such as transformers and induction motors having magnetic 
fields require a magnetizing kva. just as a generator requires field excita- 
tion. This magnetizing kva. is 90° out of phase with the voltage and adds 


X E 


Fic. 4,237.—Simple vector diagram by which most power factor problems may be solved. 





OI, is the actual current which lags behind the voltage OE, by the angle ¢. The active 
component in phase with the voltage is OX, and the reactive component 90° out of phase 
is IX. The power factor of a circuit is the ratio of the active component of the current to 


ох 
the actual current Or which is the cosine of angle ¢. The common definition of power 


factor is the ratio of the power to the apparent power. The apparent power in a three phase 
circuit is ¥3 ‘EI, which is kva. and the actual power is, ¥3 EI cosine ¢, which is kva. times 
power factor and equals kw. It is apparent that kva. and kw. are one and the same thing 
at unity power factor and that for power factors other than unity, the current for a given 
Kw. load changes inversely with the power factor. These curves terminate at the safe cur- 
rent carrying capacity of this particular line; the various curves show clearly the increased 
line loss at the lower power factors, as well as the decrease in safe load carrying capacity 
with decrease in power factor. 


to the wattless component that is carried by theline. Lightly loaded trans- 
formers or induction motors reduce the power factor to a much greater 
extent, than when fully loaded, because the wattless component is greater 
in proportion. 


Induction motors and other inductive apparatus take a component of 
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current which lags behind the line voltage and thereby lowers the power 
factor of the system, while a non-inductive load, such as incandescent 
lamps, takes only current in phase with the voltage and operates at 1.0 
power factor. As transformers require magnetizing current, they may 
seriously affect the power factor when unloaded or partially loaded, but 
when operating at full load their effect is practically negligible. The rela- 
tive effect of fully loaded and lightly loaded induction motors on power 
factor in indicated in fig. 4,241. The magnetizing current is nearly con- 
stant at all loads and is wattless, lagging 90° behind the impressed volt- 
age, or at right angles to the current which is utilized for power. 
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Fic. 4,238.—Curves showing fields of application for static and synchronous condensers 2,300 
volt service, 60 cycles. 
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Effect of Low Lagging Power Factor.—Low,. power factor 
operation results in increased losses in alternators, exciters, dis-' 
tribution lines, transformers, and in the consumer's plant. In 
a system working at 70% power factor the losses will be twice 
as great as they will if working at unity power factor. This 
increased loss is caused by increased currents for the same 
amount of power, and stronger fields are needed by the alter- 
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Fic. 4,239.—Curves showing line loss for a 1000 ft. No. O wire, 3 phase, 60 cycle circuit, 9 in 
spacing, 440 volts at motor. These curves terminate at the safe current carrying capacity 
of this particular line; the various curves show clearly the increased line loss at the lower 
power factors, as well as the decrease in safe load ‘carrying capacity with decrease in power 
factor. 


nators to furnish this power which causes undue heating. It 
follows from this, that if the losses be kept the same at 70% 
power factor as they are at unity power factor, the cross sec- 
tion of the copper will have to be doubled. 

The following formula gives the currents at various power 
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factors that will be required to carry a 75 kw., 550 volt, single 
phase motor load: Watts 


E90 P.F. 


These currents for power factor 100 to 50 are given in the 
following table: 


Currents for Various Power Factors 


Go POW er Раскога сен сл нит ин ers 100 90 80 70 60 30 
ое ак TIE 136.3 151.5 170.5 195 228 273 
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Fic. 4,240.—Vector diagram of a typical a.c. load. 


Another factor that this table shows well, is that at lower power factors, 
there is considerable line drop, which necessitates impressing over voltage 
at the supply end, making the voltage regulation poor. 


The regulation of transformers is approximately 1% at unity power 
factor, and 3% at 70% power factor. 


The relative effect of fully loaded and lightly loaded induc- 
tion motors on the power factor is indicated by the сћартат, 
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fig. 4,241. The magnetizing current is nearly constant at all 

loads and is wattless, lagging 90 degrees behind the impressed 

pressure, or at right angles to the current which is utilized for 
power. 

In the figure, AB is the magnetizing component, which is always watt- 

less, and CB the power component. The angle ACB, gives the phase 


relation between voltage and current; the cosine of this angle CB+AC is 
the power factor. 


It is evident from the diagram that if the load be reduced, the side 


A 


KVA. 





WATTLESS MAGNETIZING 


$ POWER KW. D B 


Fic. 4,241.—Diagram showing relative eifect of fully loaded and lightly loaded induction 
motors on power factor. 


CB, is shortened, and as AB, is practically constant,the angle of lag ACB, 
is increased. И therefore follows that the cosine of this angle, or the 
power factor is reduced. 


The figure clearly shows the reason for the low power factor of induc- 
tion motors on fractional loads and also shows that since the magnetizing 
current is practically constant in value, the induction motor can never 
operate at unity power factor. 

With no load, the side CB (real power), is just sufficient to supply the 
friction and windage. If this be represented by DB, since AB, remains 
constant, the power factor is reduced to 10 or 15 per cent. and the motor 
tekes from the line about 30 per cent. of full load current. It therefore 
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FiGs. 4,242 to 4,244.- Characteristic curves for a 3 phase, squirrel cage induction motor. 
ese curves show the effects of under voltage and over voltage upon induction motors. 
It will be noted in this respect that a variation of voltage of 1092 either side of normal has 
very little effect on induction motors other than on the slip. Voltages below normal reduce 
the speed of the motor, and consequently, affect production adversely. The torque of 
induction motors varies with the square of the voltage applied, consequently, if the voltage 
drop more than 10% below normal, it is not only the abnormal reduction in speed due to 
increased slip that becomes serious, but also the liability of stalling the motors and the 
other apparent disadvantages, such as lower efficiency and overheating of the motor. Poor 
lighting conditions also accompany low voltage. Consequently, low power factor circuits 
require expensive voltage regulating equipment or the quality of service is inferior and 
results in operating and production difficulties. 
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follows that a group of lightly loaded induction motors can take from. 
the system a large current at exceedingly low power factor. 


Transformers are rated in kilovolt ampere output that is, a 
100 kva. transformer is supposed to deliver 100 kw. at unity 
power factor at normal voltage and at normal temperature; but 
if the power factor be .6 lagging, the rated energy output of 
the transformer would be only 60 kw. and yet the current and 
consequently the heating, would be approximately the same as 
when delivering 100 kw. at unity power factor. 















Ou, 
EXE ea e a 
е PEE 
EM E s ns 
g Еши] 
4 Es ene (| 
5 P ЕГП 
3 гава = 
i (Еа э | 
5 Expense d 
i Fes e sa [ia ien 
sm | 
е ааыа 
pes pps fn 
Ж ЕЕЕ 





100 150 200 НЕЕ 
| 250 
Line Loss in Percent of Line Loss at Unity Pf е 


Fic. 4,245.—Curve showing relation between power factor and line loss when carrying con- 
stant kw. load. 


The regulation of transformers is inherently good, being for small light- 
ing transformers about 114 to 2 per cent. for a load of unity power factor, 
and about 4 or 5 per cent. at .7 power factor. Larger transformers with 
a regulation of 1 per cent. or better at a unity power factor load would 
have about 3 per cent. regulation at .70 power factor. 


Alternators are also rated in kva. output, usually at any 
value of power factor between unity and .8. 
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The deleterious effects of low power factor loads on alternators are 
even more marked than on transformers. They are: decreased kilowatt 
capacity, decreased efficiency, impaired voltage regulation, and the neces- 
sity for increased exciter capacity. ; 


Example.—1n the case of a 200 доа. alternator designed for .80 power 
factor (160 kw. output), if the power factor in the circuit supplied by this 
alternator, be about .6, it is probable that normal voltage could be ob- 
tained only with difficulty even though at this power factor the alternator 
would be delivering no more than 120 kw. The lagging power factor cur- 
rent in the armature sets up a flux which opposes the flux set up by the 
fields, and in consequence tends to demagnetize them, resulting in low 
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Fic. 4,246.—Curve showing relation between power factor and line drop for constant kw. 
load over a 1000 ft. 3 phase, 60 cycle circuit of No. 0 wire, 9 in. spacing, 440 volts at motor. 
It will be noted that the drop increases more rapidly than the power factor decreases, which 
in turn is due to the reactance of the circuit. This circuit might be considered as typical. 


armature voltage. It is often impracticable, without the installation of 
new exciters, to raise the alternator voltage by a further increase of the 
exciting voltage and current. 

The field losses, and therefore, the field heating of the alternator, when 
it is delivering rated voltage and current, are greater at lagging power 
factor than at unity. Increased energy input and decreased energy out- 
put both cause a reduction in efficiency. 


The regulation at unity power factor of moaern aiternators capable of 
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carrying 25% overload is usually about 14%. Their regulation at .7 

power factor lagging is about 30%. 

The effect of low power factor on the lines can best be shown 
by examples. 


Example.—Assume a distance of two miles and a load of 100 kw. It 
is desired to deliver this load at about 2,300 volts, 3 phase, 60 cycles, 
with an energy loss of 10%. 
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Fic. 4,247.—Curves showing volts drop over a 1,000 ft. 3 phase, 60 cycle, circuit of No.0 
wire, 9 in. spacing, 440 volts at motor. The curves show the actual volts drop in this cir- 
cuit carrying various loads at various power factors. These curves are intended to give a 
picture of the effect of reduction of power factor and are not intended to be used in actual 


calculations. 


Each conductor at unity power factor would require an area of 
25,000 cir. mils; at .9 power factor, 30,820 cir. mils, while at .6 power 
, factor, 69,500 cir. mils ‘would be necessary. From this is will be seen 
that the investment in copper will have to be nearly 2.8 times as much 
at .6 power factor as at unity. If the same size wire were used at .6 as 
at unity, the energy loss would be 2.8 times the loss at unity, or 28%. 
Low lagging power factor on a system, therefore, will generally mean 
limited output of the prime movers, greatly reduced kilowatt capacity 
of alternators, transformers and lines, as well as increased energy losses. 
The regulation of the entire system will also be poor. - 
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* 1 
Example.—Assuming a distance of five miles and a load of 1,000 kw. 
and desiring to deliver this load at a pressure of about 6,000 volts, three 
phase, with an energy loss of 10 per cent., each conductor at unity power 
factor would have to be 79,200 cm., at .9 power factor, 97,533 cm., and 
at .6 power factor, 218,000 cm. In other words, at the lower power factor 
of .6, the investment in copper alone would be 2.8 times as much. 
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AMPERES FIELD 
Fic. 4,248.— Diagram showing a set of phase characteristic curves taken from a General 
Electric synchronous motor. These curves show the current input to the motor at various 
loads with constant voltage and varying field excitation. There is a certain field current at 
each load that causes a minimum current. Any increase or decrease of field from the value 
increases the current and causes it to lead or lag with respect to the line voltage. 


„Ии 


If the same size of wire were used at both unity and .6 power factor 
lagging, the energy loss would be about 2.8 times the loss at unity power 
factor, or about 28 per cent. Low lagging power factor on a system, 
therefore; will generally mean limited output of prime movers; greatly 
reduced kilowatt capacity of generator, transformer and line; and in- 
creased energy losses. The regulation of the entire system will also be poor. 


Cost of Synchronous Condenser vs. Cost of Copper.—Re- 
ferring to the example given in the preceding paragraph, and 
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calculating the necessary extra investment in copper with the 
.6 power factor load, and copper at 17 cents per pound, the 
result is that 29,292 pounds more copper is required than 
with the power factor of .9 which means a total extra invest- 
ment in copper alone of $5,000 (29,292 x $.17). 
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Fic. 4,249.—Diagram showing the field current taken by a synchronous motor of normal 
design when operating at normal kva. input at various power factors. It will be noted 
that a slight departure from unity power factor necessitates a considerable change 
in field current. 


A synchronous condenser of sufficient capacity to accomplish the same 
result would cost about the same amount. It would therefore cost less 
to install the condenser because at the same time a considerably increased 
capacity would be obtained from the alternators, transformers, etc. 


Cause of Low Lagging Power Factor.—In general, on sys- 
tems where the.power factor is low the cause is almost entirely 
induction motors. 

Unreasonably low power factor will usually be found due to: 
1, The use of motors of inferior design and construction 
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requiring larger magnetizing current than necessary; 2, the use 
of motors too large for the duty they perform; 3, the prac- 
tice of allowing motors to run idle or lightly loaded. 


The exciting current is practically constant, irrespective of load. If the 
motor be carrying less than full load, the in-phase component is less, and 
since the reactive component remains the same, the angle of lag @ becomes 
greater and the cosine @ or power factor becomes less. 


With the motor running light the in-phase component is just sufficient 
to supply the friction and windage and core losses of the motor, the power 
factor is reduced to 10 or 15% and the motor takes about 35% of full 
load current. у 


The effect of the magnetizing current of transformers is practically 
negligible when operating at or near full load, but a large number of un- 
loaded or partially loaded transformers on the line may seriously affect 
the power factor. 


Advantage of Improving the Power Factor.—It is apparent 
from the disadvantages of low power factor, that there are 
corresponding advantages of high power factor, and, therefore, 
it is to the advantage of the ultimate consumer to obtain the 
highest possible power factor consistent with economy: 

It is a problem of balancing the benefits obtained such as 
lower charges from the power company, lower investments 
within the plant and improved operating conditions, against 
the increased cost of equipment necessary to improve the 
power factor. 

The benefits obtained naturally depend largely upon the 
particular case 


Improving the power factor in an industrial plant might mean the 
avoidance of installing an additional alternator, additional transformers 
or additional lines. It might mean a considerable saving in power bills 
due to better rates and, in addition, a saving in losses, in transformers, 
lines and motors sufficient to warrant investment in power factor im- 
provement devices. It might mean an improvement of voltage conditions, 
such as to increase production as a result of maintaining rated speeds of 
induction motors. Improved lighting and voltage conditions might 
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Power Factor Chart 
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Fics. 4,250 to 4,253.—Chart for use in determining the per cent reactive kva. required to raise 
the power factor to a desired value. Example: To find the ‘рег cent reactive kva.” neces- 
sary to raise the power factor from present power factor to desired power factor, lay a straight 
edge across the chart connecting these two values. Read'the reactive kva. іп per cent of 
the present kw. load on the middle scale. 
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Power Factor Improvement— Table 1 


(The figures below X kilowatt input —leading kva. required to improve fram one power factor 
to another.) . 


ORIGINAL DESIRED POWER FACTOR . ORIGINAL DESIRED POWER FACTOR 
POWER à E POWER : 


FACTOR FACTOR т 
Ry 100% | 95% 90 % 5%. % 100% | 95% LE 85% 


.4.899 | 4.570 | 4.415 | 4.279 1.299 .970 B15 679 
4.656 | 4.327 | 4.171 | 4.036 |3. 1.266 +937 781 646 
4.433 | 4.104 | 3.949 | 3.813 у 1.233 .904 748 
4.231 | 3.902 | 3.747 | 3.611 1.201 .872 416 
4.045 | 3.716 `| 3.561 | 3.425 1.169 .840 , 985 


3.873 | 3.544 | 3.389 | 3.253 1.138 .810 B54 
3.714 | 3.385 | 3.229 | 3.094 1.108 779 524 
3.566 | 3.238 | 3.082 | 2.946 1.078 .750 594 
3.429 | 3.100 | 2.944 | 2.В09 1.049 .720 .565 
3.300 | 2.971 | 2.816 | 2.880 1.020 .691 


" 
3.180 | 2.851 | 2.696 | 2.560 992 .663 
3.067 . 2.583 | 2.447 .964 635 
2.961 у 2.476 | 2.341 . .608 
2.861 . 2.376 | 2.241 d .580 
2.760 | 2. 2.282 | 2.146 act +558 


2.676 . 2.192 | 2.056 К .527 
2.592 ‚| 2.107 | 1.972 К .500 
2.511 a 2.027 | 1.891 4 „474 
2.434 1.950 | 1.814 . 5447 
2.361 "| 1,377 | 1.741 | . „321 


2.291 1.807 | 1.671 

2.225 Е 1.740 | 1.605 . .369 
2.161 1.676 | 1.541 1 . 343 
2.100 1.615 } 1.480 P 317 
2.041 1.557 ү 1.421 


1.985 · 1.501 | 1.365 . 
1.930 1.446 | 1.310 E .238 
1.877 1.392 | 1.257 . 211 
1.828 1.343 | 1.208 ^ 183 
1.779 1.295 | 1.159 . 


1.732 1.248 | 1.112 
1.687 1.202 | 1.067 
1.643 1.158 | 1.023 
1.600 1.116 .880 
1.559 1.074 .939 
з. [ з 

1.518 1.034 
1.479 S .995 

.957. 

.920 

.884 

„849 





Example.—Total kw. input of plant from watt meter reading 100 kw. at a pawer factor 
of 60%. The leading reactive kea necessary to raise the power factor to 90% is found by 
multiplying the 100 kw. by the factor found in the table which is .849. 100 kw. X.849 =84.9 
kra. If static conensers be used, choose the standard unit nearest to 84.9. If synchronous 
motors be used, see example under the table on page 2,410. 
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further mean a considerable saving in maintenance, as low voltage usually 
results in overheating of motors, transformers and cables. 


How to Improve the Power Factor.—In a plant the power 
factor may be improved to some extent by re-arrangement of 
the motors so that they will operate more nearly at full load. 

Even after the motors are correctly applied, production re- 
quirements may vary, demanding motor sizes that result in 
poor load factors, and consequently, poor power factor condi- 
tions, because they are not fully loaded at all times: It is 
usually impossible to secure good power factor conditions, 


Power Factor Improvement— Table 2 ‘ 





NOTE.—The figures in the table show the amount of reactive kva. tor each kw. energy load 
at various power factors. For synchronous motors, the figures show the leading reactive kva. 
per kw. input. For induction motors or a load with lagging power factor, the figures show the 
lagging reactive kva. per kw. energy load. 


Example.—Refer to table on page 2,409 Assume improvement desired by substitution 
-8 power factor synchronous motor for induction motors. For each kw. load driven by induc- 
tion motors operating at average power factor of .6, the table shows there is 1.333 lagging 
reactive kea.For each kw. input in .8 power factor synchronous motor, the table shows a leading 
reactive kva. of .75. If .8 power factor synchronous motors replace .6 power factor induction 
motors, each kw. in synchronous motors reduces the lagging reactive kea. 1.333-- .75 —2.083 Era. 
The total reduction necessary to improve the power factor is shown by table on раре 2,43) 
to be 84.9 kva, The capacity in .8 power factor synchronous motor required is 84.9 +2.033 = 
40.8 kw. A 50 h.p.—.8 power factor motor should be recommended. 
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without the use of some corrective device, but, before ‘installing 
devices to supply it, the magnetizing kva. should be reduced 
to the minimum. 

There are two kinds of corrective device used to correct the 
power factor: 


1. Synchronous condenser; 
2. Static condenser. 


The choice between these two types depends on the canditions in the 
industrial plant. The substitution of a few comparatively large syn- 
chronous motors in place of induction motors, where conditions are suit- 
able, often is the most economical method of improving the power factor. 


The usual application is met best, by the simple squirrel cage induction 

motor, but it is common practice to obtain the desired power factor for 

'the plant, by installing a few synchronous units, or static condensers, 
whichever be better adapted to local conditions. 


Selection of the Corrective Device.—As before stated there 
are two types of equipment available for correcting low power 
factor: synchronous condensers and static condensers. 

In general, the characteristics of each type make it better 
suited to specific classes of service, and for every individual 
application one type or the other is preferable. 

The choice is usually one of relative economy, although in some cases, 
service conditions are the determining factor, as, for example, where the 
requirements for mechanical drive indicate definitely synchronous con- 


densers, or on the other hand, where provision must be made for expansion 
at a future time, in which case, static condensers are more suitable. 


The selection for any particular application is best made by 
calculating the net return on the investment required for each 
type of equipment. This involves determining: 


1. First cost: 
a. Equipment including necessary accessories. 
b. Installation expense. 
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2. Operating cost: ' 
@. Power cost (losses in equipment). 
b. Carrying charge, including maintenance, interest and depreciation. 


3. Gross return: 
a. Reduction in power bill. 
b. Saving in power loss. 
c. Improvement in production due to improved voltage conditions. 





Fic. 4,254.—Curves showing determination of static condenser required to give desired cor- 
rection in power factor. Follow horizontal line corresponding to present power factor of 
load until it intersects curve representing power factor desired. The vertical projection of 
this intersection on the base gives the size of condenser required in per cent of kw. load. 
Example,—Load 300 kw. Present power factor 60 per cent; power factor desired 90 per cent. 
Projection of intersection of 60 per cent power factor line with 90 per cent power factor curve 
gives desired condenser as 84.9 per cent of 300 kw. or 255 kva. 


‘These factors all vary, most of them over a wide range, in 
different installations. No general rule can be given. There 


are, however, broad tendencies which give an idea of the gen- 
eral fields of application. 


1. First cost: 


a. Static condenser equipments are made up of units, and therefore, 
the cost per kva. is nearly the same for all sizes. Synchronous condensers, 
on the other hand, cost far less per kva. in the large sizes than in the small] 
sizes. 
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b. The unit construction of static condenser equipment affords easy 
handling without special equipment and with few men. The foundation 
required is less expensive than for the synchronous condensers, since the 
only requirement is to support the dead weight. 


In general, from the standpoint of first cost, the static con- 
densers show up best in the smaller sizes and the и 
condensers in the larger sizes. 


2. Operating cost: 


a. The power loss in a static condenser is approximately .5% except 
where transformers are required, when the transformer losses, carrying 
from 3% in the small sizes to 2% in the large sizes, must be added. The 
losses in a synchronous condenser vary from 10% in the small sizes (0 3149 
in the large sizes. For the application under consideration, the cost of 
these power losses should be figured at the prevailing energy rate amd for 
the normal hours of operation to give the total yearly cost. 


b. While the attendance required for static condensers is somewhat less 
than for synchronous condensers, it may be assumed, with at most a small 
error, that a yearly charge of 15% represents a normal carrying charge 
for either equipment. 


Here again the static condenser appears to better advantage 
in the smaller sizes and the synchronous condenser in the 
larger. 


3. Gross return: 


a. For each application the reduction in the yearly power bill must be 
determined from the anticipated load and the rate schedule in force. 
This item should be the same for either type of equipment. 


b. In some cases appreciable savings result from reduction of the line 
loss between the meter and the corrective equipment. Except in cases 
where the two types would be placed in different locations relative to the 
meter, this item would be the same for both. 


c. Improper installation (as where load has been added without in- 
crease in the size of the transformer or of the supply wiring, or where the 
low tension leads are long) causes the line voltage regulation at the motor 
to be poor. In operations requiring frequent starting or stopping of the 
motor, or where the motor load varies over a wide range, this may have 
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a radical effect on production speed. These conditions can be improved 
by power factor correction through the use of either type of equipment. 
The only difference between the types would arise from a difference in 
location. 


From the data secured by this method, the amount of in- 
vestment required and the net return on that investment, can 
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Fics. 4,255 and 4,256— Westinghouse diagrams showing application of low voltage static con- 
densers to induction motors. Fig. 4,255, results when a 4 and 8 kea. static condenser is used 
with 20 A.p. three phase 60 cycle, 8 pole, 220 volt squirrel cage induction motor; fig. 4,256, 
results when a 1, 2 and 3 kva. static condenser is used with a 5 A.p. three phase, 60 cycle, 
6 pole, 220 volt squirrel cage induction motor. Application: Low voltage static condensers 
may be applied on any circuit where power factor correction is necessary, being limited only 
by the initial cost as compared with the initial cost of group cennected 2300 volt condensers, 
plus transformers. The most favorable applications for low voltage static condensers are, on 
individual feeders, which are running hot, due to the poor power fartor of the loads, and on 
isolated induction motors, with poor power factors- 


be determined for each type of equipment. This will give a 
basis for determining the most economical type of equipment 
to use. Also, it is necessary to take into account, in addition 
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to the considerations of economy, the differences between the 
characteristics of the two types that may make one or the 
other better suited for use in some particular application. 

Synchronous condensers provide a ready means for adjust- 
ing the amount of the corrective kva. in response to the changes 
in the load conditions, and therefore, meet some conditions 
of installation better than static condensers. 

Static condensers usually are provided in assemblies of 
fixed corrective kva. although in the larger sizes some adjust- 





Fr. 4,257.—Field of a synchronous condenser. Note the amortisseur winding, erroneously 
called squirrel cage winding, consisting of two end rings which serve to short circuit 
spokes passing through the pole tips as shown. The amortisseur winding assists tr 
starting and serves also as a damping device to minimize hunting. 


ment by comparatively wide steps can be secured. It is pos- 
sible in special cases to provide for closer regulation by the 
addition of accessory equipment. 

The function of condenser and mechanical drive can be com- 
bined in synchronous condensers, but not in static condensers. 


' In many cases it is an advantage to distribute the corrective kva. over 
the system in a plant, or over a large system in a city. This can be done 
without loss of economy through the use of static condensers, because of 
the uniformity of price per kva. and the efficiency of all sizes. Therefore, 
it is necessary, in any complete economic analysis involving this equip- 
ment, to have established the amount of the investment, a certain 
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percentage for the fixed charge, a schedule for operation, an energy rate 
and maintenance cost data. 


Curves showing the fields of application for synchronous 
and static condensers are given in fig. 4,238. 


Synchronous Condensers.—A synchronous motor when suf- 
ficiently excited will produce a leading current, that is, when 
over excited it acts like a great condenser, and when thus Op- 
erated on circuits containing induction motors and similar ap- 
paratus for the purpose of improving the power factor it is 
called a synchronous condenser. 

Although the motor performs the duty of a condenser it pos- 
sesses almost none of the properties of a static condenser 
other than producing a leading current, and is free from many 
of the inherent defects of a stationary condenser. 

The relation of power factor to the size and efficiency of 
prime movers, alternators, conductors, etc., and the value of 
synchronous condensers for improving the power factor is gen- 
erally recognized. 

Assuming that everything that is feasible has been done in applying 
induction motors with a view of obtaining high power factor and that 
the power factor is still unsatisfactory, synchronous metors, if applicable, 


geherally prove to be the most economical and effective means of bringing 
about the desired improvement. 

The application of synchronous motors is not so well understood as the 
application of induction motors, and therefore, it would be well to discuss 
some of the more pertinent factors regarding characteristics, fields of 
application, and types or lines available. 

Such marked improvement has been made in the starting characteristics 
of synchronous motors within the past few years, that, as far as starting 
is concerned, synchronous motors can now be considered for any applica- 
tion where squirrel cage induction motors are satisfactory. 


The pull-out torque of a synchronous motor varies directly 
with the voltage, while the maximum running torque of the 
induction motor varies with the square of the voltage. 


e -o =- =- - — — —- 
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Under starting conditions, however, the starting torque and pull-in torque 
vary with the square of the voltage, the same.as with induction motors. 


Synchronous motors can be designed for unity power factor 
current in phase with the voltage, or for leading power factor 
current leading the voltage. 


o 
.PER CENT, POWER FACTOR 





“PER CENT, FULL LOAD CURRENT 











0 
о 10 20 5 40 50 ео 10 80 9C 100 
PER CENT, SYNCHRONISM 


Fic. 4,258.—Comparison of the speed current curves and speed power factor curves of a 
typical synchronous and induction motor. 


It should be understood, however, that the leading power factor syn- 
chronous motor is inherently more expensive and less efficient than the 
unity power factor synchronous motor, and for this reason, it is to the 
user’s advantage to use unity power factor synchronous motors where 
the desired power factor improvement can be obtained by their use. The 
same applies to .9 power factor motors, as compared to .8 power factor 
motors. 





, 
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It may be found that .9 power factor motors will give the desived factor 
improvement and the user will usually benefit by a lower price and a higher 
efficiencv than if he had purchased a .8 power factor motor. 


It is customary to operate synchronous motors with the 
field excitation held constant at the value corresponding to 
normal full rating as regards output and power factor. 


INCOMING. LINE 
POWER TRANSFORMER {| HIGH VOLTAGE 
ре BUS 


























POTENTIAL TRANSFORMER 
LOW VOLTAG 
RESISTANCE м 
+ | | SYNCHRONOUS 
BUCK __ — CONDENSER 
CONTACTS LE 
У AUTOMATIC 
= RHEOSTAT 
CURRENT EE RAISING 
WINDING ERE 
= 
EE | d EXCITER 
POTENTIAL = ч 
EXCITER 
WINDING my Excite 
NO VOLTAGE : 2 RHEOSTAT 
CONTACTS 


LOW VOLTAGE 

NORMAL VOLTAGE 2 CUT OUT COIL 
CONTACTS = 

Fic. 4,259.—Wiring diagram of equipment for holding constant power factor. 





Under these conditions of operation, the characteristic of the synchro- 
nous motor is such that for loads less than normal, the amount of leading 
reactive kea. available for improving the power factor is greater than at 
full load. This is an important asset of the synchronous motor as 


NOTE.—Synchronous condensers should be considered for power factor improvement 
when the amount of leading reactive kv. required is 300 kva. or more and where this can be 
applied to advantage at one point. Generally speaking, static candensers can be used to 
better advantage where the leading reactive kea. required is less than 300 kva. There is no 
well defined line where static condensers should be used and where synchronous condensers 
should be used, and even where the capacity involved is in the order of 1000 kva. static con- 
densers may suit a particular application better than a synchronous condenser while a syn- 
chronous condenser might fit another application better than the static condenser where 

. capacities of less than 300 kva. are involved. 
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compared to the compensated or synchronous induction motor, which has a 
characteristic such that the leading reactive kva. decreases with the load. 


The curves shown in fig. 4,260 illustrate what might be 
expected of different types of synchronous motors. 
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Fic. 4,260.—Curves for synchronous motors; reaction kva. available for power factor cor- 
rection ai diflerent 4.p. outputs. Assume motor field current is held comstant at normal 
value. These curves are based on average values and therefore are approximate. 1, 1 p.f. 
belt driven motors; 2, .8 5.f. belt driven motors; 3, 1 p.f. air compressor motors; 4, .8 p.f. 
motors of 50% overload MG sets; 5, .85 p.f. motors of continuous rated MG sets. 


125 150 





Synchronous Condenser Calculations.—In figuring on the 
installation of a condenser for correcting power factor troubles, 
a careful survey of the conditions should be made with a view 
of determining just what these troubles are and to what extent 


NOTE.—The principal advantages of the synchronous condenser are: 1, Low first 
cost; 2, Inherent characteristics which tend to stabilize the voltage; 3, Easy adjustment of 
the leading reactive koa. supplied; 4, Possibility of applying the synchronous condenser in 
conjunction with a voltage regulator to maintain constant voltage at a given point. The 
disadvantages as compared to a condenser are: 1, greater losses; 2, higher attendance; 3, higher 
maintenance costs. 
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they can be remedied by the presence of a leading current in 


the system. ` 

It is necessary to possess a thorough knowledge of the sys- 
tem, covering the generating capacity in energy and kva., av- 
erage and maximum load, and power factor on the alternators, 


system of distribution, etc. 
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450 KW. 


Fic. 4,261.—Diagram for synchronous condenser calculations. 


The desirable location of a condenser is, of course, nearest the inductive 
load in order to avoid the transmission of the wattless current, but it 
often happens that a system is so interconnected that one large condenser 
cannot economically meet the conditions, in which case it may be better 
to install two or more smaller ones. 


NOTE.—Synchronous condensers can be made to operate automatically, although this 
involves a more expensive control equipment. The big field for synchronous condensers 
is in main distributing substations, particularly those connected with large power systems, 
where it is desired to maintain voltage, and in larger industrial plants which require a con- 
siderable amount of leading reactive kva. and better voltage regulation. 
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The question of suitable attendance should also be considered and, for 
this reason, it may be necessary to compromise on the location. 


When the location of the condenser has been decided upon 
and the load and power factor within its zone determined, the 


PERCENTAGE WATTLESS K VA,CORRESPONDING TO GIVEN KW. CORRECTED 
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Fic. 4,262.—Curves showing amount of wattless component required ta raise the power 
factor of a given kw. load to required higher value. The wattless components are expressed 
as percentages of the original kw. load. The numbers at the right which indicate the 
points of tangency of the power factor curves to the 100 per cent. line, show the amount 
of wattless component require to raise a given kw. load of given lagging power factor to 
unity power factor. Obviously the addition of further wattless component in a given case 
would result in a leading power factor less than unity. 


| 
proper size of condenser to raise the power factor to a given 
value can be found in the following: 


Example.—Assume a load of 450 kw. at .65 power factor. It is desired 
to raise the power factor to .9. What will be the rating of the condenser? 

Referring to the diagram, fig. 4,261, it is necessary to start with 450 
kw. At .65 power factor, or 692 kva., this has a wattless lagging com- 
ponent of 692?—450?=525 kye. With the load unchanged and the 
power factor raised to .9, there will be 500 apparent kva., which will have 
a wattless component of “5002 +450% = 218 Беа. 
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It is obvious that the condenser must supply the difference between ` 
525 kva. and 218 kva. or 307 kva. A 300 kva. condenser would, there- 
fore, meet the requirements. 


If it be desired to drive some energy load with the condenser and still 
bring the total power factor to .9, proceed as indicated in fig. 4,263. As- 
sume a total load of 150 kw. on the motor. As before, 450 kw. at .65 
power factor, or 692 kva., with a wattless component of 525 kva. 
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Fic. 4,263.—Diagram for synchronous condenser calculation for cases where it is desired to 
drive some energy load with the condenser and still bring the total power factor to .9. 


NOTE.—A desirable characteristic of the synchronous motor is its tendency to 
stabilize the voltage. Under conditions of high voltage, the leading reactive kva. decreases 
and, under conditions of low voltage within reasonable limits, the leading reactive kva. in- 
creases. The inherent characteristics of the synchronous motor, therefore, tend to hold a 
constant voltage. The price of synchronous motors becomes more favorable as compared to 
induction motors as the ratings increase and as the speeds decrease. From a price standpoint, 
synchronous motors are not generally considered in ratings of less than 30 A.p. while for low 
speed applications 100 va. to 400 r.p.m. the synchronous motor has a legitimate field regard- 
less of the power factor problem. Since low speed induction motors have an inherently low 
power factor and require a large amount of lagging reactive kva. it is evident that the greatest 
benefits are obtained in power factor improvement by the use of low speed synchronous motors 
in place of low speed induction motors. The foregoing remarks give a general idea of the 
fields of application of the synchronous motor. 
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The energy load will be increased from 450 to 600 kw. as indicated, 
and with the power factor raised to .9 there will be a сЕ of 667 with a 


wattless component of V/667? —600? — 291. 

There must be supplied 525 — 291—234 in leading kva. 

The synchronous motor then raust supply 150 kw. energy and 234 kva. 
wattless, which would give it a rating of V 1502+234? =278 kva. 
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Fic. 4,264.—Chart showing the relation of energy load to apparent load and wattless com- 
ponents at different power factors. 


The standard 300 kva. condenser would evidently raise the power factor 
slightly above .9 power factor leading. 

By reference to the chart, fig. 4,264, the size of the required condenser 
can be obtained direct without the use of the above calculation. The 
method of using this chart is as follows: Assume a load of say 3,000 kw. 
at .7 power factor and that it be desired to raise the power factor to 29. 
Run up the vertical line at 3,000 Aw. to the .7 power factor line, and from 
there along the horizontal line to the margin and find a wattless com- 
ponent at this power factor of 3,000 kva., approximately. Again run up 
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the 3,000 Aw. vertical line to the .9 power factor line and from there along 
the horizontal line to the margin and find a wattless component of 1,500 
koa. The rating of the condenser will then be 3,000 kva.—1,500 kva. = 
1,500 kva. This table of course can be used for hundreds of kilowatts 
as well. 


For determining the rating of a synchronous motor to drive an energy 
load this chart is not so valuable, although it can be used .. determining 
the wattless component direct in all cases where the energy component 
and power factor are known. Knowing this energy component and power 
factor or wattless componert, the energy load can obviously be found 
by referring to the curved lines on the chart, the curve that crosses 
ihe junction of the vertical energy line and the power factor or wattless 
component line giving the total apparent kva. 


Static Condensers. —By definition a static condenser is a 
device that stores up electrostatic energy by subjecting the insula- 
tion or the dielectric, between two conducting elements, to a voltage 
tress. 


When the voltage applied to a condenser is increasing, energy is being 
stored, and when the voltage is decreasing, energy is being returned to 
the circuit. When an inductance is connected to the line, electromagnetic 
energy is stored, but this storage of energy takes place at a different time 
from that of electrostatic energy. 


The current taken by a perfect inductance is 90° lagging, while the 
current taken by a perfect condenser is 90° leading. The static condenser 
therefore acts as a storage tank, receiving the electro-magnetic energy 
as it is returned to the line and supplying it back to the motor as needed, 
thus confining the wattl2ss current to the portion of the line between the 
condenser and the load, and avoiding its transmission over the line. The 
power factor of the line between the condenser and the load, and the 
power factor of the load remain unchanged. None of the operating con- 
ditions of the motor are changed, other than a possible improvement in 
performance, due to better voltage regulation being maintained at the ter- 
minals of the motor. Synchronous condensers have played an important 
part in this field, but their use is somewhat restricted to plants where 
they are needed in large sizes and where the attention necessary to rotating 
apparatus is not a serious factor. 


In order to meet the demand for corrective devices for 
smaller loads and to eliminate the high cost of installation and 
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attendance, the static condenser has been developed. Other 
advantages that 
may be mentioned 
are: 


1. Noattendance 
is required. 


2. No special 
foundation is re- 
quired. 





Fic. 4,266.—General Electric three phase static condenser. For 2,300 volt service it consists 
of a number of static condenser units, a reactance for dampening out the higher harmonics 
in the voltage wave which would affect the corrective capacity of the units, a discharge re- 
sistance for draining the static condenser charge when disconnected from the line, and an 
oil circuit breaker for the control of the equipment. For 220, 440 and 550, volt service, 
transforming apparatus is also provided, to step up the supply voltage to 1,200 volts for the 
static condensers. The number of static condenser units included in an equipment is di- 
rectly proportional to the capacity required. The units are treated under vacuum to with- 
draw all moisture, immersed in oil, and the container then hermetically sealed to prevent 
possible absorption of moisture from the air. The units are mounted on a rack as shown 
in the illustration. They are connected in parallel across each phase, one terminal being 
connected directly to one leg while the other is connected to the other leg of the phase through 
a fuse. The purpose of the fuse is twofold. First, to provide protection for the units against 
the application of an abnormal voltage; second, to provide a means of automatically opening 
the connection of any unit to the bus on the rack in case of failure of the "init, making it 
unnecessary to disconnect the entire equipment. 
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3. Has no moving or wearing parts requiring replacement. 


4. Condenser does not “drop off” the line if the voltage fail 
for a short time. 


5. Noiseless in operation. 


*Construction of Static Condensers.—Static condensers are 
made in units containing systems of metal plates separated by 
dielectric material, so that energy is stored by the application 
of voltage to the plates. 


In order to conveniently. subject the dielectric material to uniform volt- 
ages, it is divided into many sheets spaced with metal foil, alternate 
layers of metal foil being connected together to form terminals. 


Various numbers of sheets are used between the foil depending on the 
voltage. The kva. capacity of a given condenser is a function of the area 
of dielectric material and the voltage per unit thickness applied to this 
material. 


The working voltage per unit thickness has been determined by long 
investigation. Static condensers are designed for indoor and for outdoor 
service. The outdoor condensers are enclosed in a weather protected 
housing. 


Calculations for Static Condensers.—The kva. of static con- 
densers required to correct any given power factor to any desired 
power factor is entirely dependent on the kw. load of the plant. 

A condenser which would correct a 100 kw. load from 50% 
power factor to unity power factor would only increase the 
power factor to 76% if the kw. load became 200. 


Example —An industrial plant has an average load of 100 kw. and 
average power factor 45%. The power rates are such that a penalty is 
imposed for power factors below 85% and the penalty is sufficient to 
warrant the installation of power factor correcting apparatus; that is, the 
annual saving by correcting the power factor should more than offset the 
interest, upkeep and depreciation of such equipment. 


*NOTE.—This description relates to Westinghouse type LD static condenser for power 
factor correction on 60 cycle circuits. 
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Example.—Present load=100 kw. at 45% power factor. Desired 
power factor =85%. 


” Present kva. = 100 =222 kva. 
.45 
Present reactive kva. = V222? — 100? = 198 kva. 
Kva. at desired power factor =“ =117.8 ба. 


Reactive kva. at desired power factor = V117.8?—100°=61.6 kea. 
Corrective effect needed = 198 —61.6 = 136.4, 
Size of standard condenser = 150 koa. 
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6.6 KVA 130.4_KVA CORRECTION 


198 KVA_ AT. PRESENT (REACTIVE) 





Fic. 4,267.—Diagram for power factor correction as explained in the accompanying example. 


In some cases it may prove profitable to correct the power factor up 
to unity, but in the present case all that is desired is to correct the power 
factor to 85%. At 45% power factor the total kva. is 222 and accordingly 
the power transformer must be sufficiently large to take care of it. 

The reactive, or wattless kva. is the vector difference between 222 and 
100 or 198 kva. 

At 85% power factor the total kva. will be 117.8 which shows that the 
customer's transformer capacity can be practically cut in half. The watt- 
less kva. in this case will be 61.6 so that the necessary corrective effect 
to change the load from 45% to 85% power factor will be 198 minus 61.6 
or 136.4 kva. The proper size of static condenser would, therefore, be 
one of a 150 kea. rating. Obviously the new power transformer rating 
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Power Factor Correction Table 
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‘should not be less than 150 kva. which is 
the continuous demand of the static con- 
denser alone. 


When the condenser ue. has been 
determined for a given condition, 
the power factor correction will 
change as the load changes. The 
load may change by addition of mo- 
tors or by increase of the load on 
the motor already in operation. The 
change in the latter case is depend- 
ent upon the characteristics of the 
motor. When the load is changed 
by the addition of motors having 
the same power factor as the first 
one, the conditions will change ac- 
cording.to the table here given. 


Example.—Assume a plant with thirty 
motors of five kw. each, all having a 
power factor of 50% when running. On 
an average but twenty of these motors 
are in operation at one time giving a load 
of 100 kw. at 50% power factor. To 
correct this load to a power factor of 85%, 
115 kva. of condenser is required. When 
occasionally, all thirty motors are run- 
ning, the load will be 150 kw. and the 
power factor will then drop to 72% and 
when but ten are in. operation, the 
power factor will become 90% leading. 


Data Required for the Application 
of Static Condensers.—In contem- 
plating the installation of a 





\ 


2,430 Condensers 


static condenser, the following information should be 


obtained: 


1. Present load in kw.; 
2. Present power factor; 
3. Desired power factor; 


2300 Volts - 2.Phase 60 Cycle Line 2300 Volts - 3 Phase 60 Cycle Line 





FiGs. 4,268 and 4,269.— Wiring diagrams for 2,300 volt static condensers. Fig. 4,268, twa 


phase; fig. 4,269, three phase. 
Fics. 4,270 and 4,271.— Wiring diagrams for 220, 440 or 550 volt static condensers using 


transformers. Fig. 4,270, two phase; fig. 4,271, three phase. 
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4. Actual average voitage in plant; 

5 Maximum sustained voltage for periods of at least one half hour; 
6. Frequency and number of phases; 

7. Rating of the power transformers; 


8. Is the plant at the end of a long feeder or is it located near the center 
of an industrial district? 


9. Is any future increase over the present load contemplated and if so 
how much? 


10. Are there any machines, such as compressors, in the plant to which 
synchronous motors can be properly applied? 


11. Does the plant operate at normal capacity twenty-four hours a day? 
If not, what are the load conditions during the night? 


12. Is the load subject to seasonal changes and if so to what extent? 


13. What is the approximate short circuit current possible at the point 
where the static condenser is to be connected? 


This information is necessary for the selection of the circuit breaker. 





For long lines, where charging current is a factor at light 
loads, the static condenser can be divided into two sections 
with one unit installed at the receiving end of the line and the 
other at the generating end. 


Thus the charging current of the line through the static condenser at 
the generating end gives a drop in voltage equivalent to the rise in voltage 
over the inductance of the liue. 


In case there be branch circuits tapped from the line, the total capaci- 
tance may be split up into sections located just ahead of each tap off point 
to hold the voltage at these points at a pre-determined value. Further- 
more, the stability of a long transmission line can be materially increased 
by the installation of a series static condenser because its compensation 


NOTE.— Control apparatus required for static condensers. No additional switches 
or protective devices are required where the individual static condenser is connected directly 
to the motor terminals, inside the motor and protective device, since it is protected by the 
motor control device and discharges through the motor windings when the motor line is opened. 
The combination of a static condenser and squitrel cage induction motor makes an exceedingly 
satisfactory high power factor unit. Its price generally is less than that of a synchranous in- 
duction motor. The unit is much more efficient than a synchronous induction motor and in 
strength, simplicity, ease of operatiun, and maintenance cost is superior to all other motors. 
Where atmospheric conditions preclude the use of motors with collector rings, the squirrel 
cage motor with a static condenser is particularly adaptable. 
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of the inductive reactance enables a greater load to be carried over the 
line before the load limit is reached. 


The application of static condenser equipment to overhead lines of low 
voltage is equally attractive. Heretofore, very littie improvement in 
voltage regulation was obtained by increasing the size of conductors 





Fic. 4,272.—Internal assembly of General Electric 415 kea., 3,170 volt single phase series 
static condenser mounted on insulating rack for 33 kva. line voltage. 


beyond a certain limit, because the controlling factor was the inductive 
reactance of the line. With the addition of a static condenser, however, 
the copper may be increased in size until the economic limit of copper is 
reached. Thus it is possible to use low cost line construction in supplying 
large rural sections with electric power. ` 
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Series Static Condenser.— The use of a series static con- 
denser, that is, a static condenser in series with a transmission 
dine to compensate for transmission line reactance is a new ad- 
vance in electrical engineering, for the practical application of 
such a static condenser has presented problems that, until 
recently, had been unsoived. 


POWER CIRCUIT 








об 





EP 


RESISTOR FUSE 





Fic. 4,273.—Connections for 3 phase 220 volt static condenser with transformer. If the 
units were cesigned for direct installation on circuits of this voltage a considerably greater 
active area would have to be provided in order to handle the increased current and this 
would result in increased cost. 


Fic. 4,274.—Connections for 3 phase 2,300 volt static condenser with resistor fuse. 


A static condenser can be selected that will compensate for 
the inductive reactance of the line and transformers in the 
transmission circuit in which it is connected. In this manner, 
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the over all voltage characteristics can be made to approximate 
those which would exist if resistance only were present. 


Figuratively, the static condenser eliminates the element of distance in 
power transmission and gives the same voltage condition at the receiving 
end of the line as if the alternator were directly connected to the receiver 
bus, except of course, for the effect of line resistance. The magnitude of 
the line current is not changed. Thus, by utilizing a static condenser, 
approximately the characteristics of d.c. transmission can be obtained and 
the advantages of the a.c. system retained. For short lines, the static 
condenser can be located at any point in the line with the same net over all 
results. 





Fic. 4,275.—General Electric single phase, assembly of a series stztic condenser. 
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TEST QUESTIONS 


What is a condenser? 

What is the effect of induction, and of capacity in 
a circuit? 

What effect has an induction motor on the circuit? 

What happens with a.low, lagging power factor? 

Describe the effect of fully loaded and lightly loaded 
induction motors on the power factor. 

What is the advantage of improving the power factor? 

What is the cause of low, lagging power factor? 

How is the power factor improved? 


Name two kinds of condensers used to improve the 
power factor. 


What governs the choice between. synchronous and 
static condensers? 


Describe in detail the synchronous condenser. 


Which is the more expensive and less efficient, a 
condenser designed for unity power factor, or 
leading power factor? 


How is the field excitation regulated by synchronous 
motors? 


Explain in detail synchronous condenser calcula- 
tions. 


What is a static condenser? 


Give calculations for a static condenser and describe 
its construction. : 
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© 17. What dum is required for the application of static 
: condensers? 


18. What is a series static condenser? 
19. Explain the application of a series static condenser. 
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CHAPTER 79 


A. C. Voltage Regulators 


Voltage regulation is one of the important factors in pro- 
viding satisfactory electrical service, the aim of every utility 
company. It presents a vital problem, both to the engineer 
who designs, as well as to the one who operates the system. 

While high efficiency in the conversion of energy in the coal 
or waterfall to electric power is essential for the economical 
operation of the plant, it is in many ways secondary in im- 
portance to the voltage regulation of the system, as poor volt-. 
age regulation affects the quality of service and may seriously 
impair its commercial value. 


Some of the results of poor voltage regulation may be: low candle power, 
or high lamp breakage; insufficient development of heat in electric house- 
hold appliances; the capacity, speed, temperature, and starting torque of 
motors may be affected and otherwise unsatisfactory service may become 
a burden to the apparatus and to the patience of those depending on it. 
Maintenance of voltage at its normal value by automatic induction voltage 
regulators not only corrects these conditions and improves the service 
rendered the consumer, but makes it possible for the utility company to 
effect economies in the operation of the system, and to derive the revenue 
anticipated at the time the system was laid out. 


Voltages higher than normal result in increased transformer core losses 
-and increased lamp renewals. 2 


Voltages lower than normal result in revenue losses and dissatisfied 
customers. 
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Close voltage regulation, not only permits the utility com- 
pany to provide satisfactory service for the consumer, but it 
also makes possible economies in operation which would other- 
wise be unattainable. 


Electric appliances used in the household are designed for most efficient 
G 





Fic. 4,276.—Diagram illustrating the principle of induction voltage regulators. The pri- 
mary coil P, consisting of many turns of fine wire, is connected across the main conductors 
C and D, coming from the alternator. The secondary coil S, consisting of a few turns of 
heavy wire, is connected in series with the conductor D. The laminated iron core E, mounted 
within the coils, is capable of being turned into the position shown by the dotted lines. 
When the core is parallel with coil P, the magnetic lines produced in it by the primary coil, 
induce a pressure in the secondary coil which aids the voltage; when turned to the position 
indicated by the dotted lines, the direction of the magnetic lines of force are reversed with 
respect to the secondary coil and an opposing pressure will be produced therein. Thus, 
by turning the core, the pressure difference between the line wires G and H, can be varied 
so as to be higher or lower than that of the main conductors C and D. Regulators oper- 
ating on this principle may be used for theatre dimmers, as contrallers for series lighting, 
and also to adjust the voltage or the branches of unbalanced three wire single phase and 
polyphase systems. 
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operation at a definite predetermined voltage. Their operation at a 
voltage other than normal impairs the service, increases the cost to the 
consumer, and reduces the revenue to the operating company. 


A large per cent of the regulators now in use are for the 
automatic voltage control of feeder circuits taking power 
from bus bars having practically constant voltage. 


The regulator is used to automatically increase or decrease the voltage 
of the outgoing feeder so as to compensate for the variable line drop or 
variable bus voltage and thus maintain a constant voltage at the center 
of distribution of the particular feeder. 


a 
VARIATION OF WATTAGE AND CANDLE ii 


POWER WITH VOLTAGE FOR MAZDA LAMPS}—j}—_} 1} —] 
а Dad 





Fig. 4,277.—Curves showing variation of wattage and candle power with voltage for Mazda 
lamps. The curves show that a slight variation in voltage seriously affects the performance 
of the lamp. For example, a 2% drop reduces the candle power to 9314% of normal and 
the wattage to 961495 of normal. 

Regulators.—In supplying lighting systems, where the load 
and consequently the pressure drop in the line increases or 
decreases, it becomes necessary to raise or lower the voltage of 
an alternating current, in order to regulate the voltage de- 
livered at the distant ends of the system. This is usually 


accomplished by means of an alternating current regulator. 


^ 
m, 


2,440 A. C. Voltage Regulators 


——————— 





i 


There are two types of voltage regulator: 

1. Induction regulator. 

2. Load ratio control transformers. 

Ques. Of what does an induction regulator consist? 


Ans. It consists of a primary winding or exciting-coil, a 
secondary winding which carries the entire load current. 
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Fic. 4,278.—Diagram of induction regulator raising the voltage 10%. In the diagram an 
alternator is supplying 100 amperes at 2,200 volts. The regulator mises the feeder pressure 
to 2,420 volts, the current being correspondingly reduced to 91 amperes, the other 9 amperes 
flowing from the alternator through the primary of the regulator, back to the alternator. 
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|<--- 220М0 1 5- - 1 
Fic. 4,279.—Diagram of induction regulator lowering the voltage 10%. The diagram showz 
the regulator lowering the feeder pressure to 1,980 volts with an increase of the secondary 
current to 111 amperes, the additional 11 amperes flowing from the feeder, through the 
' primary back to the feeder. 
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Ques. What is its principle of operation? 


Ans. When the primary coil is turned to various positions 
the magnetic flux sent through the secondary coil varies in 
value, thereby causing corresponding variation in the secondary 
voltage, the character of which depends upon the value and 
direction of the flux. 
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"у STEEL RINGS 
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CORDED TO THE 
COILS 


OIL 
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го. 4,280.—General Electric induction voltage regulator construction 1. View showing 
bracing of stator coils on polyphase regulators. 


Ques. What is the effect of turning the secondary coil to 
the neutral position at right angles with the primary coil? 


Ans. The primary will not induce any voltage in the sec- 
ondary, and accordingly it has no effect on the feeder voltage. 


Ques. What are the effects of revolving the primary coil 
from the neutral position first in one direction then in the 
other? 


у 
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Ans. Turning the primary in one direction increases the 
voltage induced in the secondary, thus increasing the feeder 
voltage like the action of a booster on a direct current circuit 
while turning the primary in the opposite direction from the 
neutral position, correspondingly decreases the feeder voltage. 


Ques. It was stated that for neutral position the primary 


FORM WOUND COILS HELD IN SLOTS 
BY BANDING WIRE 





HEAVY BANDS OUTSIDE OF 


BLOCKING BETWEEN COILS AND EXTENDED 
COILS To PREVENT FLANGES UNDER COILS 
DISTORTION PREVENT DISTORTION 


AND BUCKLING 


Fic. 4,281.—General Electric induction voltage regulator construction 2. View showing 
bracing of rotor coils on polyphase regulators. 


had no effect on the secondary; does the secondary have any 
effect on the feeder voltage? 


Ans. The secondary tends to create a magnetic field of its 
own self-induction, and has the effect of a choke coil. 


Ques. How is this tendency overcome? 





A. C. Voltage Regulators 2,443 


Ans. The primary is provided with a short circuited wind- 
ing, placed at right angles to the exciting winding. 


In the neutral position of the regulator, this short circuited winding 
acts like the short circuited secondary of a series transformer, thus pre- 
venting a choking effect in the secondary of the regulator. 


Ques. What would be the effect if the short circuited 
winding were not employed? 


Ans. The voltage required to face the full load current 
through the secondary would increase as the primary is turned 
away from either the position of maximum or minimum reg- 
ulation, reaching its highest value at the neutral position. 


The short circuited winding so cuts down this voltage of self-induction 
that the voltage necessary to force the full load current through the sec- 
ondary when th2 regulator is in the neutral position is very little more than 
that necessary to overcome the ohmic resistance of the secondary. 


Ques. What effect is noticeable in the operation of a single 
phase induction regulator? 


Ans. It has a tendency to vibrate similar to that of a single 
phase magnet or transformer. 


Ques. Why? 


Ans. It is due to the action of the magnetizing field varying 
in strength from zero to maximum value with each alteration 
of the exciting current, thus causing a pulsating force to act 
across the air gap, which tends to cause vibration when the 
moving part is not in perfect alignment. 


Methods of Operation.—Induction voltage regulators may 
be operated by hand, either directly or through a sprocket 
wheel and chain, by a hand controlled motor, or automatically. 


—— m ‚ 
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If motor operated with hand control, the motor may be of the single 
phase a.c. type, although the polyphase a.c. motor is preferred. 


If automatically operated, it.is even more advisable to use the poly- 
phase type, as the single phase motor is not well adapted for this purpose, 
since, for the same characteristics, the armature of a single phase motor 
has approximately twice the weight and twice the inertia of an armature 
of a polyphase motor. This increases the over running of the regulator 
and also its tendency to hunt. Furthermore, the commutator and brushes 
of a single phase motor require considerable attention. 
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Fic. 4,282.—General Electric connection diagram for motor operated feeder induction voltage 
regulator using three phase operating motor. z 


When the regulator is motor operated, the motor is controlled by means 
of a small triple pole, double throw switch mounted an the switchboard 
or in any other convenient location. Closing the switch one way or the 
other will start the motor so as to operate the regulator to permit raising 
or lowering the line voltage as may be desired. When the correct line 
voltage is obtained the regulator may be stopped by opening the switch. 


A limit switch is provided which stops the movement of the regulator 
by opening the motor circuit as soon as the regulator has reached either 
extreme position, but which automatically closes this circuit again as soon 
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as theregulator armature recedes from the extreme position. The operation 
of the switch in either limit position does not interfere with the movement 


of the regulator in the opposite direction, which movement the operator 
may produce by reversing the controlling switch. 


All induction regulators for motor or automatic operation 
are provided with a brake to stop the motor as soon as the 
voltage has been properly adjusted. 
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Fic. 4,283.—General Electric torque motor brake for motor operated automatic induction 
voltage regulator, station type. 


This brake for all standard sizes is the magnetically released type which 
is noiseless in its operation and prevents any other running of the motor. 
The brake pressure is released simultaneously with the closmg of the op- 
erating motor circuit, consequently releasing the motor from any load due 
to braking action. The opening of the motor circuit applies the brake, 
preventing any further operation of the adjusting mechanism after the 
proper voltage has been obtained. A diagram of the connections for a 
single phase regulator operated by a hand controlled three phase motor 
is shown in fig. 4,282. Not only are the connections for the regulator 
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indicated, but also the connections for the motor, limit switch, ahd for 
the reversing switch controlling the motor. 
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Fig. 4,285.—Connections for operation of a three phase regulator. 
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Fic. 4,286.—Relay switch. Zts use is for handling the motor current inasmuch as this cur- 
rent is too great to be handled by the contact making volt meter. This is a double pole, 
double throw switch electrically operated by two a.c. magnets. It consísts essentially 
of two double pole contactors mounted back to back and mechanically interlocked, forming 
a double pole double throw contactor type switch for reversing the regulator motar. The 
motor is caused to rotate in one direction or the other, depending on whether the voltage 
of the feeder is to be raised or lowered, as determined by the closing of the main contacts 
on the contact making volt meter which controls the excitation to the relay magnet coils. 
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Fic. 4,287.— Wiring diagram of relay switch. 
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Auxiliaries for Induction Voltage Regulators.—Automatically 
operated regulators do not differ from the motor operated 
regulators in so far as the regulating itself is concerned, but 
it is necessary to provide a set of auxiliaries for accomplishing 
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Fic. 4,288.—Contact making volt meter. It consists of a solenoid and a laminated iron 
core which is supported partly by a spring and partly by the current in the solenoid. This 
iron core is connected to one end of a lever which is pivoted at the center. Two contacts 
are mounted on the lever equi-distant from the pivot. When the core is raised or lowered, 
one of the two contacts will make contact with the corresponding stationary contact mounted 
directly over it, thereby closing the control circuit. One side of a low tension alternating 
control circuit is connected to the contacts on the lever, and the other side is brought through 
the energizing coils of the relay switch to the stationary contacts. When the line voltage 
is normal the lever is horizontal and its contacts are equi-distant from the stationary con- 
tacts. A variation in voltage either way from normal causes the lever to move, and if the 
change exceed the predetermined value for which the meter has been adjusted, one pair 
of contacts will close. This energizes one of the relay switch coils which in turn closes the 
motor circuit causing it to move the regulator armature in a boosting or lowering direction 
depending on the variation in the line, until the predetermined line voltage is again restored. 
The contact making volt meter is very sensitive and responds quickly to voltage changes. 
It is usually adjusted to operate the regulator whenever the line voltage varies 1% either 
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automatic operation. For the single phase regulator the 
auxiliaries consist of: 
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Fic. 4,289.—Contact making volt meter connections. 
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Ете. 4,288.—Text continued. 


way from normal. In order, hawever, to prevent unnecessary operation of not only the 
meter but also of the relay switch, motor, and regulator, caused by small intermittent 
voltage fluctuations which it would be undesirable to correct, the meter is provided with 
holding coils. These coils are connected in multiple with the relay switch coils and are 
energized simultaneously with them, their effect being cumulative with that of the pull 
of the solenoid whenever there is sufficient change in voltage to close the main contacts. 
This extra force is sufficient to keep the contacts closed until the motar has had time to 
start and change the setting of the regulator. Chattering of the contacts is thereby prevented 
and the life of the contacts is increased, particularly that of the relay switch contacts, since 
these contacts are not called upon to break the starting current of the motor. A low voltage 
cutout is also mounted on the meter so that if for any reason the feeder circuit should be 
opened the regulator will rotate to the maximum lowering position instead of the maximum 
boosting position as would be the usual tendency. In this way the possibility is avoided 
of impressing a higher voltage on the feeder than desired when it is again placed in service. 
The low voltage cutout, however, can be adjusted so that the regulator will remain in the 
same position which it is occupying at the time the feeder is opened if this be desired. 
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For three phase regulators the same auxiliaries are provided, with the 
exception that two current transformers are included instead of one as 
for the single phase regulator. Diagrams of the connections for single 
phase and three phase automatically operated regulators are shown in 
figs. 4,284 and 4,285. 


In order that the actual voltage at a distant point on a distribution 
system may be read at the station some provision must be made to com- 
bensate for the line drop, that is to say, for the difference in voltage be- 
tween the alternator and the center of distribution. 


In order to do this a device which is known as a “line drop compen- 
sator” is placed in the volt meter circuit as shown in the diagram, fig. 4,291. 


A line drop compensator consists of a variable resistance and reactance 
{each independently adjustable) by means of which, when used with an 





Fic. 4,290.—Line drop compensator. Used to reproduce in miniature the resistance and 
reactance drops to a predetermined point in the line. The function of the compensator 
is to lower the impressed voltage on the contact making volt meter used with an induction 
voltage regulator thereby causing the regulator to maintain normal voltage at this pre- 
determined point. If consists of a resistance in series with a reactance, both being pro- 
vided with taps brought out to dial switches, so that the amount of resistance and reactance 
in series with the current transformer can be varied independently. The dials are provided 
with 21 points, that is, 20 steps for both resistance and the reactance windings, each step 
being equivalent to 1 volt drop with 5 amperes flowing through the windings. The voltage 
drop is, of course, proportional to the current so that if instead of 5 amperes it were 2.5 
amperes the voltage drop per step would be 1% volt. 





NOTE.—The potential transformer for energizing the control coil of the contact making 
volt meter used with induction regulators, should have such a ratio as to give 110 volts on the 
secondary with the primary connected across the line and the regulator in the neutral! position. 


NOTE.—Standard instrument current transformers are used when it is desired to com- 
pensate for line drop. It is permissible to use the current transformers for the operation of 
indicating ammeters in addition to the regulator, but it is not recommended that they be used 
with the various types of watt meters as the volt ampere load would introduce errors in the 
reading of such instruments. 
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automatically controlled induction regulator, or with an alternator voltage 
regulator, correct line drop compensation can be obtained at some pre- 
determined point on the. feeder regulated regardless of the load or the 
power factor of the load on the feeder, provided, however, that the load 
is taken from the feeder at or beyond the point at which constant voltage 
is to be maintained. 


Polyphase Induction Regulators.—In the polyphase regu- 
lator, the excitation is produced by the combined action of 
shunt windings connected across the separate phases of the 
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Fic. 4,291.—Connections of line drop compensator when used with induction voltage regu- 
lator. Induction regulators are usually employed to compensate for line drop in the teeder 
and to maintain normal voltage at some predetermined point of the feeder distant from the 
station. To accomptish this, the line drop compensator is used to reproduce in miniature 
the resistance and reactance drops to the predetermined point designated as the center of 
distribution. This is done by adjusting the ohmic and the reactive voltage drops across 
the compensator by means of the dial switches so that they will correspond to the ohmic 
and reactive drops in the feeder to some predetermined point, so that the voltage impressed. 
on the contact making voltmeter will correspond to the feeder voltage at this point. 'The 
regulator, therefore, will be caused to raise or lower the voltage in the station in accordance 
with variations on the line and provide a means for holding the voltage at the point on 
the feeder distant from the station for all conditions of voltage, load, and power factor 
within the limits of the capacity of the regulating equipment. 


NOTE.—It is desirable, in any system of distribution, to read the active voltage at the 
point of distribution, by means of the volt meters in the station. A conpensator proper con- 
sists of a variable resistance and a variable inductance, and sometimes a current transformer. 
In wiring, the volt meter, instead of being connected directly across the secondaries of a pres- 
sure transformer, has inserted in series with it, portions of the resistance and inductance of 
the compensator. These are so connected that the drop in pressure across them will be com- 
bined with that of the pressure trans;oriaer, so that the volt meter reading indicates the pres- 
sure at the center of distribution or end of the line. 
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system. The magnetizing flux produced has a practically 
constant value, but does not have a constant direction. The 
magnetic field is a rotating one, not an alternating one, as in 
the single phase type. All of the slots on the circumference 
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Fic. 4,292 and 4,293.—Diagram of automatic voltage regulator, using line drop compen- 
sator. For ordinary installations the compensating winding on the alternating current control 
magnet. is connected to a current transformer in the main feeder. A dial switch is provided by 
which the strength of the alternating current contro! magnet can be varied and the reg- 
ulator made to compensate for any desired line drop up to 15 Per cent., according to the 
line requirements. Where the power factor of the load has a wize range of variation, a 
special line drop compensator, such as shown in fig. 4,293, adapted to the regulator would 
be desirable. The connections are readily understood by the diagram. The number of 
condenser sections which will prevent undue arcing at the relay contacts depends on the 
characteristics of the exciter. They may be roughly estimated by allowing one section for 
each 15 kw. capacity for exciters with laminated poles, and one for each 22 kw. capacity for 
exciters with solid steel poles. It is necessary though to have one condenser section for 

.each pair of relay contacts, and at times it becomes necessary to apply a double section 
for each pair of contacts. In the lower figure t;.e line drop compensator and connections are 
reproduced in more detail on a larger scale. 
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of a polyphase regulator armature are filled with the windings 
of the various phases symmetrically arranged, and the sec- 
ondary or series winding is similarly arranged on the inside 
circumference of the stationary core. 


The voltage induced in the 
secondary is due to the rotation 
of the flux produced by the com- 
bined action of the primaries. 
The voltages generated in the 
series windings of the various 
phases, are, therefore, of the 
same value and are constant for 
all positions of the armature. 





Fic. 4294—Diagram of Westinghouse automatically controlled primary relay; front view. This 
relay is connected through the compensator to the voltage transformer and is sensitive to 
voltage changes of the outgoing feeder. Under normal conditions the moving arm in the 
primary relay is horizontal. With a change in voltage the plunger in the relay coil moves up 
or down and closes either the left hand or right hand set of contacts thereby causing the elec- 
trically operated secondary relay to close its contacts and start the operating motor in such 
direction as to lower or raise the voltage on the feeder as may be required to correct the change 
and bring the voltage back to normal. 


The variation in the line voltage produced by the regulator 
is due to a phase displacement as shown graphically in fig. 4,295. 


Because of the rotation of a similar field produced by the current in 
the series coils, the currents in the shunt windings are constant, regardless 
of the position of the armature, for a given line current, and the currents ` 
in the shurit windings are taken from the line or delivered back into the 
system as the armature is rotated from maximum boost to maximum 
lower in the phase relation as represented by the secondary voltage 


2,454 A. C. Voltage Regulators 





generated. This condition is due to the fact that the current in the series 
.winding (the line current) determines the direction of the voltage in the 
series or secondary winding. 


With the arrangement of the shunt windings necessary in the polyphase 
regulator, the impedance of the apparatus is comparatively small without 
the use of the short circuited coil required in the single phase machine, 
and the total ampere turns of the primary are always equal to the total 
ampere turns of the secondary. This accounts for the currents in the 
shunt winding being out of phase with those in the series coils i in any other 
than the maximum boost or lower positions. 


= 
~. 
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Fic. 4,295.—Diagram illustrating operation of polyphase induction regulator. In operation, 
when the regulator is in the position of maximum boost, the line AB, in the figure represents 
the normal bus bar voltage, BC, the regulator voltage, and AC, the resultant feeder voltage. 
When the regulator voltage is displaced 180 degrees from this position, the regulator is in 
the position to deliver minimum voltage to the feeder, the regulator voltage being then 
represented by BD, and the resultant feeder voltage by AD. When the regulator voltage 
is displaced angularly in the direction BF, so that the resultant feeder voltage AF, becomes 
equal to the normal bus bar voltage AB, the regulator is in the neutral position. Inter- 
Mediate resultant voltages for compensating the voltage variations in the feeders may be 
obtained by rotating the moving element or primary in either direction from the neutral 
position. For example, by rotating the primary through the angle FBE, the resultant 
voltage may be made equal to AE, or AJ, thereby increasing the feeder voltage by an amount 
BJ; or by rotating it in the opposite direction through the angle FBG, the feeder voltage 
may be reduced by an amount BH. 


Ques. How is the control apparatus arranged? 


Ans. Two relays are employed with each regulator, a pri- 
mary relay connected to the feeder circuit and operating under 
changes of voltage therein, and a secondary relay connected 
between the primary relay and the motor, and operated by the 
contacts of the former, for starting, stopping and reversing the 
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motor in accordance with changes in the feeder voltage, thereby 
causing the regulator to maintain that voltage at its predeter- 
mined normal value. 

Two relays are uscd because a primacy relay, of sufficient 
accuracy and freedom from errors due to temperature and fre- 
quency variations, could not be made sufficiently powerful to 
carry the relatively large current required for operating the motor. 


Ques. What names are given to the relays? 





Fic. 4,296.—General Electric three phase induction voltage regulator. Close front view 
showing operating mechanism. 


Ans. The primary or contact making volt meter, and the 
secondary or relay switch. 


Ques. Why does the movable contact arm of the primary 
relay tend to remain nearer one of the stationary contact 
points than the other? 


Ans. This is due to the tendency of the relay to open the 
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fic. 4,298.— Westinghouse diagram of connections for automatic three phase regulator 
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contact whenever the voltage equals that at which the contact 
closes. 


Ques. What provision is made in the primary relay to pre-e 
vent vibration or chattering? 


Ans. Two auxiliary windings are provided: one in series 
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Fic. 4,299.—General Electric connevtion diagram for outdoor automatic induction voltage 
regulators, showing protective devices. 


with each of the stationary contact points and so arranged as 
to assist in making the contact by increasing the pressure on 
the contact points at the instant of closure. 


The best effect of the compounding action of the auxiliary coils is ob- 
tainable when arranged for 34 per cent. of the torque of the main coil. 
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Outdoor Induction Voltage Regulators.—Ii1 some generating 
stations the voltage is maintained constant at the bus bars and the 
line drop compensated by automatically operated regulators con- 
nected in the main feeders. It is possible in this way to obtain 
constant voltage at all loads at the various distribution cen- 
ters, that is, at those points on the feeders where the lines of 


‘the majority of consumers are connected as shown in fig. 4,300. 


CONSUMER 





CENTER OF DISTRIBUTIO 


Fics. 4,300 and 4,301.—Systems of distribution illustrating use of outdoor induction voliuge 
regulators. 


It is evident, however, that, while the voltage at the center 
of distribution can be maintained constant, no account can 
be taken of the drop in the lines between this center and the 
consumers. This drop is generally negligible, except in some 
-particularly long lines, as, for example, consumer B, in fig. 4,300. 
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In order to obtain perfect regulation at B, it would be neces- 
sary to install a separate regulator in that line, this regulator 
to be installed either at the center C, or preferably at B. 


In a great many cases the power distribution is not as ideal as indicated 
in fig. 4,300, but rather as shown in fig. 4,301, that is, the consumers 
are connected all along the feeder. In this case there is no definite center 
of distribution, and the automatic regulator installed in the station can 
be adjusted to give only approximately constant voltage at an imaginary 
center of distribution C; that is, the voltage cannot be held constant at 
any definite point during changes of load distribution. 


The majority of the consumers may, however, obtain sufficiently good 
voltage while a few may have 
reason for criticism. То оуег- 
come this difficulty it is neces- 
sary either to increase the 
copper in the feeder or else 
to install small automatic 
regulators. 


There are also cases where a 
small amount of power is trans- 
mitted a long distance through 
a feeder direct from the station. 


The outdoor type regu- 
lator is shown in fig. 4,302. 


Load Ratio Control.— 
This system permits chang- 
ing the voltage ratio of a 
transformer without inler- 
rupting the load. Load ratio 
control equipment can be 
applied to practically all 





Fic. 4,302.—General Electric single phase automatic induction regulator arranged for out- 
door installation. 
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regulation problems, above a point where it is not economical 
to use induction regulators. There is no definite upper limit to 
its application either of kva. voltage or current though in some 
cases it is necessary to use series transformers and sometimes 
exciting transformers to get. within the voltage or current 
limitations of the apparatus. . 
This method of control involves the use of two і 
local circuits capable of carrying the load simul- Мә, 
taneously. This permits picking up the load on ru | 
one ratio before it is dropped from another. 
Obviously carrying a load simultaneously on two tap 
connections would involve a destructive short circuit 


between those taps unless a suitable impedance was 
introduced to limit the exchange current. 


All types of load ratio control include such 
an impedance, usually consisting of leakage 





Fics. 4,303 and 4,304.—General Electric single phase and three phase ratio adjusters for load 
ratio control regulator. They Operate by means of an eccentric so that with a light torque 
on the shaft, a heavy pressure is placed on the contacts as they “wipe” into position. The 
cylindrical contact bars, to which the tap leads are bolted, are insulated from gach; other 
by Herkolite tubes inserted in molded compound heads. 


reactance between special windings on the transformer core or 
of a separate iron core reactor. 


Earlier tap changing-.devices utilized the preventive reactor to obtain 
additional ratios between taps by operating ccntinuously on two taps 
with the reactor bridging them. 


Fic. 4,306.—General Electric 


NOTE.—Reference letters 
for above diagrams: R.W., re- 
active windings; E. Tr., excita- 
tion transformer; T.A., tap 
auto-transformer; S. Tr.. series 
transformer; R.A., ratio ad- 
justers; C., contactors; E., ex- 
"átation leads; S., series leads. 
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Later development of load ratio control equipment advanced the scheme 
of operation so that an actual tap could be used for each ratio and the 
preventive reactor short circuited except during a ratio change. The reactor 
is only one half the size required by the previous method and is in series 
or parallel with the load only for the two or three seconds required for 
the operation of the mechanism. The ratio steps are always uniform re- 
gardless of the load and the no load loss 1s a minimum and the same on 


all ratios. 
is =. Figs. 4,305 and 
ананна ьа ~ 4,306, show typical 
T "^. applications of the 






N modern method to 
Transform delta and Y con- 


er Wipd- | nected transformers. 
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Fic. 4,305.—General Electric 
load ratio control in a delta 
X2 connected transiormer. 


load ratio control in a Y con- 
nected transformer. 
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The driving mechanism consists of: 
l. D.c. motor. 

2. Brake. 

3. Relay switch. 

4. Limit switch. 

5. Position indicator. 





Fic. 4,309.—General Electric single phase contactor for load ratio control regulator. The 
two cam operated contactors are assembled as a unit on a heavy steel plate which is bolted 
with an oil tight joint to the side of the transformer tank, and are enclosed in an oil box 
provided with a suitable breather. The contactor elements are mounted directly on porce- 
lain entrance bushings which project into the transformer tank. They are designed with 
current carrying contacts and with arcing tips to which deterioration from operation is 
confined. 


6. Suitable gears for driving the main operating shaft and a 
drum controller mounted on that shaft. 
The mechanism is controlled by means of a push pull switch 


mounted on the station switchboard. Once started the motór 
relay switch is sealed magnetically until a change of one step 


n — — 
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in ratio is completed when it stops the motor. Automatic 
control is provided when necessary if the service require it. 


To indicate the tap position of the transformer there is a dial indicator 
mounted on the mechanism and a dial switch which operates a lamp 
indicator furnished for mounting on the switchboard. The motor relay 
switch is standard equipment used for the control of machine tool motors. 

The magnetic brake is mounted on the motor shaft and is connected 
in parallel with the motor field. The limit switch that stops the motor 





Fic. 4,310,—General Electric intermittent gear, universal coupling and ratio adjuster as- 
sembly for load ratio control regulator. The intermittent gear is designed to bring each 
ratio adjuster up to spee i gradually before the teeth mesh, thus permitting the equipment 
to operate without mechanical shock. On any ratio, the intermittent gear locks the two 
ratio adjusters in their correct positions, and also locks each adjuster during the operation 
of the other. There is a suitable universal joint between the gearing and the tank wall. 


when the mechanism has reached either limiting tap position is similar ' 
to the equipment used-on-induction regulators. Provision is made for . 
+ emergency manual opeiation. 
There is a clutch to release the motor and a spring buffered mechanical 
stop at each limiting position. 
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Auxiliary contacts are provided on the dial switch and energize a red 
light on the switchboard indicator during the operation of the mechanisin. 
A delay relay is connected in parallel with the red light for use with a noise 
alarm. ‘Thus, in addition to the red light giving a visual warning there 
ts also an audible warning which is brought into play by the action of the 
delay relay should the operating mechanism fail to compiete the tap change 
and leave the preventive reactor in the circuit. This visual and audible 
warning advises the station operator that the mechanism has not com- 
pleted its cycle and permits it to be completed manually. 


If for any reason the station operator be not available to complete the 
operating cycle manually, no harm would be done since the preventive 
reactor is designed to carry full load current continuously. 





Fic. 4,511.—General Electric three phase contactor for load ratio control regulator. 


Voltage Regulation of Alternators.—The necessity for volt- 
age regulation of alternators was recognized coincidentally 
with the operation of the first Edison bipolar dynamos. The 
loads, however, were relatively small and feeder net works 
were not required, so that voltage regulation was usually ob- 
tained by manually operating the dynamo field rheostats and 
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the control was further simplified by the practice of supplying 
each feeder with a separate dynamo. To meet the increasing 
demand for energy, the size of dynamo and the length and 
number of feeders had to be so greatly increased: that im- 
provements in the methods of controlling the voltage became 
imperative. 

Furthermore, as the loads became more diversified, elimina- 
tion of the personal element in the control of voltage was made 
necessary. Automatic solenoid operated rheostats, as well 
as other devices based on this principle, were 
developed to meet this demand, but the prob- 
lem was not solved until the automatic voltage 
regulator was introduced. 


The alternating voltage is regulated indirectly by 
opening and closing rapidly a shunt circuit across the 
exciter rheostat, tbus varying the exciter voltage in 
order to maintain the desired alternating voltage. In 
order that the simplicity of this regulator may be under- 
stood, it should be borne in mind that the regulator 
consists mainly of two parts, a d.c. control system, and 
an a.c. control system. 


The former is simply a d.c. regulator having a main 
control magnet and relay magnet connected across the 
exciter mains, the contact of the relay being arranged 
to shunt the exciter field rheostat. This operation 
maintains not a constant but a varying exciter voltage, 
the value varying in accordance with the demands of 
the a.c. control magnet which is connected to the alter- 
nating bus, the latter magnet being considered as the 
a.c. portion of the regulator. It will be evident from 
the description under the illustration that the exciter 





Fic. 4,315.—Lamp indicator for General Electric load ratio control regulator. 


voltage is controlled by the rapid opening and closing of the relay contacts. 


The value of the voltage depends upon the position of the a.c. magnet 
core and lever arm, which in turn is dependent upon the value of the 
alternating voltage being held. At any constant load, speed and power 
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In case the load drop on the a.c. alternator, the reverse action takes place 
and the regulator maintains a lower exciter voltage, in order to give the 
correct a.c. voltage. 







MAIN CONTACTS COMPENSATING CURRENT 
af WINDING, TRANSFORMER 





DC.CONTROL KJ 
MAGNET 






COUNTER- 
WEIGH 


CONDENSER 







SPRING 
FEEDERS 
OR.MAINS 










PRESSURE 
TRANSFORMER 






RELAY 
MAGNE 






EXCITER 
EXTERNAL FIELD RHEOSTA 


RESISTANCE 





AC.FIELD 
RHEOSTAT ALTERNATOR 


Fic. 4,322.—Elementary connections of General Electric automatic alternator voltage reg- 
ulator. The diagram shows the d.c. control magnet connected a:ro;s tue exciter bus and 
provided with two cores, tae lower being a fixe? stop core, the upper a rao va*le core at tached 
to a pivoted lever at the opposite end of which is mounted a fle.i^le contact. The pull 
of the magnet is shown opposed by ore spring, but in practice there are actually four springs 
in multiple that pick up at di”erent exciter voltages. A differentially wound relay magnet 
is also shown connected to the exciter bus, one winding being permanently connected to 
the bus, while the other is arrange to be opened and closed by the floating main contacts. 
The relay has pivoted armatures to which there is a spring attached to ospose the pull of 
the magnet. The contacts are connected across the exciter fiela rheostats. Condensers 
are connected across the contact points to prevent destructive arcing. The voltage winding 
of the a.c. control magnet is shown connected across the generator b'is through a voltage 
transformer, while the opposing or compensating winding is shown connectei to a current 
transformer in the feeder circuit. This magnet is of the ordinary solenoid type, having a 

. laminated iron core which is attracted upward by the magnetizing force. The core is at- 
tached to a pivoted level, at the opposite end of which a counterweight is supported to 
assist in bringing the lever and core to a point of equilibrium, and on the same end of this 
lever is shown the lower main contact which, in combination with the upper main contact, 
produces what are known as the floating main contacts. ot 

• 


NOTE.—Practically all the methods employed for regulating the voltage of dynamos 
and circuits, are applicatle to alternators ani alternating current circuits. For evanple: in 
order that they shall automatically maintain a constant or rising voltage with increase of 
load, alternators are provided with composite winling similar to the compoun t wih ting of 
cynamos, but since the alternating current cannot be used directly for exciting the field mag- 
nets, an accessory apparatus is required to rectify it or changeit into direct current before it 
is used for that purpose. Jt is a fact, however, that composite wound alternators do not reg- 
ulate properly for inouctive a3 v eil as non-incuctive loacs. 9, 4 
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When two or more exciters are required to furnish excitation to alter- 
‘nators, they may be connected in parallel or they may be controlled indi- 
vidually by standard regulators. Parallel operation of exciters provides 
for nearer uniform control and prevents losses in the alternators, due to 
circulating currents. When conditions are such as to make it impractical, 
to parallel the exciters, standard regulators may be used without change, 
and close voltage regulation will be obtained. 
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Fi6. 4,323.— Diagram of connections of General Electric contact making ammeter for op- 
erating on alternating current circuits. The instrument is designed to indicate with the aid 
of a current transformer, certain values of current in an alternating current system. This 
“value depends upon the setting of the regulating rheostat.in parallel with the pressure coil 
of the ammeter. It is also possible with this instrument, together with the necessary con- 
trol apparatus, to hold certain values of current. By using @ different magnet coil 
‘this meter may be connected to a shunt instead of a current transformer and used on : 
direct current system. 


If the exciters be operated in parallel they may bé of different capacities 
.and design, or driven by various sources of power, and the circulating 
currents resulting from variations in speed or design will merely affect: 
the ‘exciters, slightly lowering their efficiency. On the other hand, if they 
_be not connected in parallel, the disturbances will be carried through to 
-, the alternators.and the efficiency of the system will be affected more seri- 
-ously. Whena'single regulator is used, frequent hand adjustment of the 
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exciter field rheostats may be necessary in order to reduce the circulating 
current to the minimum. 


Furthermore, the regulator will have to be provided with at least one 
relay for each exciter, although the exciter capacities may be such that 
one relay would be sufficient for the control of the exciters if they were 
connected in parallel, The disadvantages of this arrangement can be 
overcome very readily by installing a regulator for each exciter and oper- 
ating the regulators in parallel, Not only can the circulating currents 
between the alternators be eliminated, but greater flexibility of control 
and higher operating efficiency will be attained. 
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Fic. 4,324.—General Electric connection diagram for two alternator voltage regulators op- 
erating in parallel. The a.c. magnet has a voltage winding and a compensating winding. 
The compensating winding is connected to a current transformer in the line opposite to the 
two lines to which the voltage transformer is connected. When the power factor is unity 
and the load current is properly balanced between the different machines, the field produced 
by the current coil is 90? out of phase with the field produced by the voltage coil, and has 
an extremely slight effect. Should the power factor tend to shift from one alternator to 
the other, the regulator will be at once atfected and will mise or lower the alternator excita- 
tion as required to elimina*: ihe circulating current, since the latter is 90° out of phase 
with the load current, and therefore in phase with but directly opposed to the field of the 
voltage coi!, thereby changing the pull of the voltage winding until balanced conditions 
have bec; restored. It should be noted that “out of phase'"' current transformers will be 
required for all of the regulators operating in parallel. Should it be necessary to compen- 
tate for line drop, additional current transformers and line drop compensators are required. 
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Parallel Operation of Alternator Voltage Regulators.— This 
method has become quite popular in a great many installa- 
tions where it is desired to operate alternators with direct 
connected exciters and use a separate regulator for each equip- 
ment, permitting the control of each set as an individual unit. 
In considering the application of such a system of regula- 
tion to a number of alternators in a station, it should be 
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Fic. 4,325.—General Electric connection diagram of regulator with one arrangement of two 
exciters in parallel in conjunction with storage battery ani booster. The regulator contacts 
are connected across the resistance R3, which is considerably greater than resistance R1 
The RI, resistance is also greater than that of R2. For example, should R3, be short 
circuited by the regulator, the resistance R1, being greater than R2, causes the current to 
flow in the direction to boost the voltage. Should the contacts remain open, resistance R3, 
is inserted; the sum of R3 and R2, is greater than R1, and the current in the booster field 
flows in the reverse direction, causing the booster to buck the exciter voltage. This cycle 
of operation is repeated very rapidly, thereby maintaining a constant voltage on the a.c. 
bus. The booster for this system must have a current capacity equal to the combined 
currents required by the main alternator fields, and can be furnished for almost any range 
of boost or buck which may be demanded. This system is particularly adapted to large 
Steam plants where a storage battery is used as an emergency device to take care of the 
excitation shoul i anything happen to the exciters. It will be note1 that no current trans- 
former or line crop compensator is shown in the diagram, but compensation for line drop 
may he accomplished with this system of regulation in the same manner as with any standard 
voltage regulator by placing a current transformer or a line drop compensator in the main 
lighting feeder. 
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remembered that the change in excitation of any one of the 
alternators does not affect: the bus voltage appreciably. The 
chief effect is to change the current supplied by that machine. 
Increasing the excitation will make it take more current and 
decreasing the excitation will make it take less current. 


To raise the station bus voltage it is necessary to increase the excitation 
for all machines. Division of load between the alternators depends or. 


у 
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= :6. 4,326.— General Electric regulator tor alternators having exciters of small capacities. 
When two alternators o era:e in parallel and the exciters are also in parallel, one regulator 
may be used for tue control of bo.h e«citers, provided the sum of the two field currents of 
the two exciters does not excee! the limit for which the relay is designed. The exciters 
may be either shunt or compound wound. 


the power supply to each alternator and is entirely independent of the 
excitation. Successful operation of regulators in parallel, therefore, de- 
pends primarily on the control of the circulating current that may flow 
between two or more alternators or the proper division of the reactive 
currents in the system as a result of momentary differences in excitation. 
The method followed for eliminating such circulating currents is shown 
in fig. 4,325. 


Variable Exciter Voltage System of Alternator Voltage Reg- 
ulation.— This system is particularly adapted to plants where 
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it is necessary to run motors and other station auxiliaries from 
the exciter bus. With the standard type of voltage regulator, 
the regulation of the alternator voltage is accomplished by 
varying the exciter voltage and it is, therefore, impossible to 
run station auxiliaries from the exciter bus, but with this sys- 
tem the exciter bus voltage is not disturbed. 


For example, the excitation on an a.c. system, assuming 125 volt 
excitation, usually required a range of from 50 to 125 volts but with this 
system the exciter bus can remain constant at 125 volts, a booster being 
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Fic. 4,327.—Diagram of connections for *wo General Electric automatic reguiators operate 
ing in parallel. 








inserted between the bus and the fields of the alternators which is capable 
of varying the excitation to maintain the desired alternator voltage. 


‘rhe bonster is separately excited Ly a smoll dynamo, which in turn 
has its fieid excited from the difference in voitage between a point on either 
a resistance connected across the exciter bus, or if a storage battery be 
used, the middle tap from the battery, and a point of variable voltage on 
a series of three resistances connected across the exciter bus. as shown in 
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fig. 4,325, so that the booster can be excited with either polarity, as re- 

quired. i 

Voltage Regulation of Feeders.—The voltage of an alternator 
or number of alternators, as just explained, may be auto- 
matically maintained at normal for all conditions of load at 
the station bus or at any one center of distribution on the 
system, by means of an alternator voltage regulator. 
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Fic. 4,328.— Westinghouse single phase induction voltage regulator, sectiomal view showing 
construction, 
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Fig. 4,329.—- Westinghouse rotor for single phase induction voltage regulator. 
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Fig. 4,330.— Westinghouse stator (ог single phase induction voltage regulator. 
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Where there are a number of feeders radiating from a sta- 
tion this method of regulation, however, will not be satis- 
factory unless all of the feeders be laid out for negligible volt- 
age drop, which generally is uneconomical. 

Usually the feeders are of different intervals, so that the voltage de- 
livered at the centers of the several feeders will vary widely. 
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Fic. 4,331.— Westinghouse operating motor for single phase induction voltage regulator 
showing brake, etc. 


It is practically impossible, therefore, to raise or lower the 


voltage of the station bus so that the voltage at each load 
center is proportionate to the demands at that center. 


In order to provide for satisfactory regulation of the distributing sys- 
tem, it is essentia] that each feeder be considered as a unit. The system 
can be made very simple and economical if care be exercised at the time 
the initial layout is made and many existing plants could probably reduce 
the distributing cost and improve their service by investigating their 
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~ 
feeding systems with the view toward making them more symmetrical 
and of uniform regulation. 


Recording volt meter charts taken at intervals at various points on 
each feeder provide a means for detecting voltage irregularities in the 
feeder, which, if not corrected, may become magnified and not only impair 
the service but appreciably affect the revenue. 


By providing a means for regulating the voltage of the indi- 
vidual feeders, economies may be effected in feeder installation 
costs by the selection of a smaller sized conductor for the 
initial installation or for extending existing feeders. 


o 6 6 


Fic. 4,332.—Connection diagram of Westinghouse neutral line drop compensator. 





Furthermore, by maintaining normal voltage at the center of distribu- 
tion, it is often possible to increase the load on the feeders without making 
it necessary to reinforce or replace the existing lines. 


With slight modification, the various methods of feeder regulation em- 
ployed with direct current, may be applied to alternating current distri- 
bution circuits. For instance, if a non-inductive resistance be introduced 
in any electric circuit, the consequent drop in voltage will be equal to the 
current multiplied by the resistance. Therefore, feeder regulation by’ 
means of rheostats is practically the same in the case of alternating current 
as in that of direct current. In the case of the former, however, the effect 
of self-induction may also be utilized to produce a drop in voltage. In 
practice, this is accomplished by the use of self-induction coils which are 
commonly known as reactance coils. 
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TEST QUESTIONS 


. Why is voltage regulation important? 

. What is the advantage of close voltage regulation? 

. Name two types of regulator. 

. Of what does an induction regulator consist? 

. Describe the operation of an induction regulator. 

_ What are the effects of revolving the primary coil from 


the neutral position first in one direction then in 
the other? 


. Name three methods of operating induction regu- 


lators? 


. What attachment is provided on a motor operated in- 


duction regulator? 


. Name six auxiliaries used with induction voltage 


regulator ? 

What is a line drop compensator? 

How do single and polyphase induction regulators 
differ? К 

Describe the control apparatus used with polyphase 
induction regulators? 

What is the difference between a primary and a sec- 
ondary relay? 

What provision is made in the primary relay to pre- 
vent vibration or chattering? 

Why are outdoor voltage regulators necessary? 

Describe the load ratio type of voltage regulator? | 

Describe the driving mechanism used with a load ratio 
regulator ? 

Explain how the voltage of alternators is regulated. 


t 


~ 
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19. Make a sketch showing elementary connections cf an 
automatic alternator voltage regulator. 

20. What is a contact making ammeter used for? 

21. Draw a diagram of two alternator voltage regulators 
operating in parallel. 

22. Under what conditions is the parallel operation of 
alternator voltage regulators used? 

23. Describe the variable exciter voltage system of alter- 
nator voltage regulation. 

24. How is the voltage of feeders regulated? 
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CHAPTER 80 


Rectifiers 


By definition a rectifier is a device used to change alternating 
current into a uni-directional or pulsating current. 

Direct current, in spite of the many advantages of alternating 
current, has its own numerous and valuable characteristics and 
uses. Among these might be mentioned battery charging, tele- 
phone and telegraph power units, trolley and other city railway 
lines, interurban and main line railroads, rolling mills, special 
drives requiring the facility of control made available only by 
the use of direct current, electro-chemical applications, etc. 


The generation of d.c. power at ordinarily used voltages would be very 
uneconomical due to the small power involved for particular requirements. 
Furthermore, at the voltages at which it is at present generated and used, 
transmission of the d.c. power over long distances could be accomplished 
only with conside.atle losses. The only solution of this problem, there- 
fore, is to gene.ate alternating current, transmit it at high voltages to 
the site of its application, and there, convert it by the best means avail- 
able into the desired d.c. voltages. 


The various kinds of rectifiers may be classed as: 
1. Mechanical. 

2. Electro-magnetic. 

3. Electrolytic. _ 

4, Mercury vapor, or mercury arc. ! 


Mechanical Rectifiers.—By definition, a mechanical rectifier 2 
is a form of commutator operating in synchronism with the 
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alternator and commutating or rectifying the negative waves 
of the alternating current as shown graphically in figs. 4,333 and 
4,335. The essential features of construction are shown in fig. 
4,336. 
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Fics. 4,333 to 4,335.—Diagrams showing alternating currents. and partial and complete recti- 
fication, 


One application of a mechanical rectifier is its use on a com- 
positely excited alternator as illustrated on page 1,609. 


Electro-Magnetic Rectifiers.— This type of rectifier con- 
sists essentially of a double contact rocker which rocks on a pivot 
(midway between the contacts), in synchronism with the frequency 
of the alternating current, so changing the connections at the in- 
stants of reversals of the alternating current that a direct current is 
obtained. 
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Fic. 4,336.—Mechanical rectifier. The rectifier consists of two castings M and S, with teeth 
which fit together as shown, being insulated so they do not come in contact with each other 
Every alternate tooth, being of the saine casting, is connected together, the same as though 
joined by a conducting wire. There are as many teeth as there are poles. The part M, of the 
rectifier is connected to one of the collector rings by F, and the part S to the other ring by G 





` By. 4,337.—Circuit diagram of Leich electro-magnetic rectifier, railroad type. 
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In other words, a vibrating armature makes or breaks a contact at a 
certain given time in relation to the backward or forward flow of the 
alternating current. The contacting parts touch only at the time that 
the current taken from the alternating current system is flowing in the 
same direction, thus obtaining a pulsating uni-directional current. 


If the contacts do not open and close at just the proper instant, arcing 
will occur at the contacts and trouble will be experienced. From the 
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Fic. 4,338.—Diagram of mechanical rectifier. Jn operation, a.c. is passed through the 
electro-magnet winding. According to direction of current a north pole cr a south pole 
may be set up at tl.e end opposite the iron bar. With the rolatity of soit iron bar as in 
the diagram, it will be attracted whenever the current through tle electro-magnet sets up 
a south pole; repellel, whenever the electro-magnet polarity is reverseu (with battery 
connected as shown) whenever the iron bar is repelled the circuit ior the battery is com- 
pleted and current may flow. When the electro-magnet reverses in polarity the battery 
circuit is opened and no current can flow, A pulsating charging current is given, useful 
work being done during one alternation of one cycle only. 


above it will be readily seen that to secure proper and satisfactory results 
the vibrating part of the rectifier must at all times be exactly in step witi 
the alternations of the supply mains. 


The vibrating element may consist of 

1. A vibrating spring or rigidly supported reed, 

2. An armature pivoted at the center so as to vibrate over 
two small magnet coils. 

If a vibrating spring or rigidly supported reed be used for the 
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to one frequency, consequently a rectifier equipped with a spring ar- 

mature does not readily respond to changes in frequency of the alternat- 

ing current supply. 

'The Leich rectifier shown in the accompanying illustration, 
is given as an example of the pivoted armature type. 








Fic. 4,342.—Diagram of Premier Ampero electro-magnetic rectifier. Owing to the direct 
current in the magnetizing coils C and C’, one end of SB, will be permanently of north and 
the other of south polarity; and since the polarities of the poles E and E’, will alternate with 
the alternations of the transformer secondary current, SB, will rock rapidly on its pivot, 
and contact will be made by turns with CS and CS’.The purpose of the condensers K and 
K’, is to reduce the sparking at these points. When contact is made at CS, the direct cur- 
rent terminals T and T", are connected to the S, half of the secondary winding; and when 
contact is made at CS’, they are connected to the S’, half. Thus a rectified unidirectional 
current will flow from T and T’, and it may be used to charge the battery A’, work a small 
"motor or for various other purposes requiring direct current. When the rectifier i is used for 
charging storage batteries, the separate cell A,-may sometimes be dispensed with, the wind- 
ing C,C', being connected to one of the cells under charge. The rectifier is adjusted to suit 
the frequency of the supply circuit by altering the distance of the poles of E, and E', from 
the ends of the polarized armature SB; and also by changing the tension of SP,SP’, by means 
of the screiv studs against which they bear. — 
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In this rectifier, the contacting part is suspended from the armature 
similar to a clock pendulum. Due to the fact that the armature swings 
free on its supporting shaft, it can follow the reversal or alternations of 
the current supply even if there be considerable variation in the frequency. 


Electrolytic Rectifiers.—If two metals be placed in an elec- 
trolyte and then subjected to a definite difference of pressure, 
they will (under certain conditions) offer greater resistance to the 
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Fics. 4,343 and 4,344.—-Mohawk electrolytic rectifier. To put in commission, clean out the jar. 
Fill with distilled or rain water. Add six pounds of electro-salts, stir and after all salts are 
dissolved place the cover in porition. The specific gravity of the solution should be 1.125. 
The middle iron electroce must hang straight down in the solution and not touch either of 
the other aluminum alloy electrodes. The aluminum alloy electrodes are mounted on an in- 
sulated bracket that slides up and down on a 14” rod. This rod screws in the hole taped in 
the middle of the cover. The electrodes give the best results only when perfectly smooth. 
Should they get rough, covered with a deposit or a white coating, remove from the solution 
and clean with fine sand paper. Finish with fine sand paper.'Form the film again and the 
electrodes will be as good as new. Clean iron electrode occasionally. 


passage of a current in one direction, than in the other direction. 


On account of this so called valve effect, electrolytic rectifiers 
are sometimes called “valves.” | | 


T 
ec 


Aluminum is extensively used for the cathode and lead or polished steel 
for the other electrode. Metals of low atomic weight exhibit the valve 
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Fic. 4,345.—Mohawk electrolytic rectifier and switchboard; diagram showing connections 
for charging storage battery. Operating instructions: After assembling bettery as in fig. 
4,343, the Alm must be formed on the aluminum alloy electrodes so that the rectifier will 
pass current only in the right direction. Open switch B, close switch T, to the right; discharge 


lever can be in any position; charging regulator lever must be to the extreme left, the zero 
position; now close main switch M. Move regulator lever R, from the zero position to the 
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Fics. 4,346 and 4,347.—Two views of Nodon valve. This is an electrolytic rectifier in which 
the cathode is a rod of aluminum alloy held centrally in a leaden vessel which forms the anode 
and contains the electrolyte, a concentrated solution of ammonium phosphate. Only a short 
portion at the lower end of the cathode is utilized, the rest, which is rather smaller in diameter, 
being protected from action by an enclosing glass sleeve. The current density at the cathode 
ranges from 5 to 10 amp. per sq. dm. Jn the larger sizes, the ceils are made double, and a cur- 
rent of air is kept circulating between the walls by means of a motor driven fan. In order to 
utilize both halves of the supply wave, the Gratz method of connection is adopted. The maxi- 
mum efficiency is obtained at about 140 volts, and the efficiency lies between 65 and 75 per 
cent., and is practically independent of the frequency between the limits of 25 and 200. 
Above a pressure of 140 volts, the efficiency falls off very rapidly, owing to breakdown of the 
film. The pressure difference is high, being over 90 per cent. at full load. Temperature largely 
influences the action of the valve, and should never exceed 122° Fahr. 


Fic. 4,345.—Text continued. 


first button or contact, let it remain there for a time, not less than five minutes; this is 
important, as the proper rectification of the current depends on the film formed on the 
aluminum rods. The ammeter after the first rush of current may not show any current as pass 

ing, or it may show a reverse current. in the latter case, leave the contact finger on the first 
button until the needle comes back ta zero. This may take some time, but tlie needle will 
eventually come back; it also indicates that the film is properly formed when the needle re- 
turns to zero. Move regulator R, to the extreme right step by step and note that the ammeter 
continues to return to zero, which indicates that the film on rectifier electrodes is formed 
properly. Move regulator R, to zero, close switch T, to the left in normal charging position. 
Close charging switch B. To regulate the flow of current through the battery move charging 
tever R. to the right slowly until ammeter indicates the correct charging current. After the bat- 
teries are charged and ready for use, discharge lever can be moved to connect either set of 
storage batteries to the load terminal. The voltage of the batteries can be read atany time, by 
pressing the strap key. The discharge lever connects the batteries to the volt meter and it is 
possible by moving it to measure the voltage of either set of battery, charging or discharging. 
Trouble in the rectifier demonstrates itself by the solution becoming heated. The condition 
of the rectifier can be tested any time in a few seconds by opening switch B, and closing switch 
T, to the right. If the rectifier be in proper condition the ammeter will read zero- And if it be 
notrectifying and permitting A.C. current to flow through the rectifier, the ammeter will read 
negative or to the left of the zero, An old solution that is heating and not rectifying properly 
will turn a reddish brown color. 3 
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effect at high differences of pressure, and heavier metals at low differences 
of pressure. 


Illustrating the development of electrolytic rectifiers, the fol- 
lowing valves are given as typical examples: 


Nodon Valve.—In this valve the cathode is of aluminum or aluminum 
alloy, and the other electrode, which has considerably more surface, is 
the containing vessel. The electrolyte is a neutral solution of ammonia 
phosphate. 





mj 


Fic. 4,348.—Oscillograph record from Nodon valve showing original supply voltage and the 
corresponding pulsating current at the terminals of such a valve. 


Its action is due to the formation of a film of normal hydroxide of 
aluminum, over the surface of the aluminum electrode. This film presents 
a very high resistance to the current when flowing in one direction but 
very little resistance, when flowing in the reverse direction. 


When a Nodon cell is supplied with alternating current the first effect 
is that half of the wave will be suppressed and an intermittently pulsating 
current will result as shown in fig. 4,348. 


Both halves of the a.c. waves may be utilized by coupling a series of 
cells in opposed pairs, 


'The efficiency of the film depends upon the temperature. 
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It should not for maximum efficiency exceed 86 degrees Fahr. There 
is also a certain critical voltage above which the film breaks down locally, 
giving rise to a luminous and somewhat disruptive discharge accompanied 
by a rapid rise of temperature and fall in efficiency. 


When an electrolytic rectifier is not in use for some time, the electrodes 
will lose the film. In such cases the electrodes must be reformed. The 
loss of film may be prevented by removing the electrodes from the elec- 
trolyte and drying them. Water must be added from time to time to 



































Ею. 4,349.— The Fleming oscillation valve. It depends for its action or the well-known Edison 
effect in glow lamps. The valve consists of a carbon filament glow lamp with a simple central 
horseshoe filament. Around this filament inside the exhausted bulb is fixed a small cylinder of 
nickel, which is connected by means of a platinum wire sealed through the bulb to a third ter- 
minal. The valve is used as follows: The carbon loop is made tacandescent by a suitable battery. 
The circuit in which the oscillations are to be detected is joined in series with a senstlive mirror 
galzanometer, the nickel cylinder terminal and the negative terminal of the filament of the valve 
being used. The galvanometer will then be traversed by a series of rapid discharges all in the 
same direction, those in the opposite direction being entirely suppressed. 


make up for evaporation. This is necessary to keep the solution at the proper 
density. 


Excessive heating of the solution with normal load indicates that the 
rectifier needs recharging. 
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A rectifier is passing alternating current when it heats, and when it 
gives a buzzing sound in the case of very weak solution. Weak electrolyte 
will eat away the electrodes. 


The Audion Valve.—This valve was invented by DeForest in 1900 
and is practically identical with the Fleming oscillation valve, the latter 
being illustrated in fig. 4,349. 


Grisson Valve.—In this valve the cathode is a sheet of aluminum, 
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Y'1G. 4,350.—The Churcher valve. This is of the modified Nodon type. Zt differs from the latter 
in that it has two cathodes of aluminum and an anode of lead or platinum, suspended in the 
one cell. This permits the complete utilization of both halves of the supply wave with one 
cell instead of the four required in the Gratz method. The connectiens of such a cell are shown 
in the figure. The secondary of the transformer carries a central tapping, and is connected 
through the direct current load to the central anode, while each of the cathodes is connected 
to the ordinary terminals of the transformer itself. The practical limits of the cell are 50 volts 
direct current, or 130 volts at the transformer terminals AB. F, is the anode; C, cathode I; 
D, cathode II. 


and the anode, a sheet of lead, supported, in the original form, hori- 
zontaly in a vessel containing the electrolyte, consisting of asolution 
of sodium carbonate. Cooling is effected by circulating water through 
metal tubes in the electrolyte itself. 


Pawlowski Valve.—This is an electrolytic valve employing a solid 
electrolyte. It consists of a copper plate which has been coated with a 
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crystalline layer of carefully prepared copper hemisulphide, prepared by 
melting sulphur and copper together out of contact with air. The pre- 
pared plate is placed in contact with an aluminum sheet and the com- 
bination is then formed by submitting it to an alternating pressure until 
sparking, which at first occurs, ceases. 
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Pics. 4,351 and 4,352.— The De Faria vaive. This is an aluminum lead rectifier. The cathode is 
a hollow cylinder of aluminum placed concentrically in a larger cylinder of lead, and the whole 
immersed in electrolyte of sodium phosphate in an eborite containing vesse:. Cooling is ef- 
fected by promoting automatic circulation of the electrolyte by providing the lead cylinder 
with holes near its extremities; the heated electrolyte then rises in the lead cylinder, passes 
out at the upper holes, is cooled by contact with the walls of the containing vessel, and de- 
scends outside the lead cylinder. It is. claimed that this cooling action is sufficient to allow of 
a current density of 8 amp. per sq. dm. of aluminum. 


Buttner Valve.—It is of the Nodon type employing a cathode of 
magnesium-aluminum alloy, and probably iron or lead as an anode, with 
an electrolyte of ammonium borate. Buttner claims that the borate is 
superior to the phosphate in that it does not attack iron, and will keep 
in good working condition for longer periods. 


Mercury Vapor or Arc Rectifiers.—The terms vapor or arc 
as applied to rectifiers do not indicate a different principle; the 
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Westinghouse Company employ the former term and the 
General Electric Company the latter as a distinguishing title or 
trade mark. 
The Westinghouse or Cooper-Hewitt rectifier is illustrated in 
fig. 4,353. | 
' This rectifier as developed by Peter Cooper Hewitt for changing alter- 
nating current into direct current is the result of a series of careful ex- 


periments and investigations of the action going on in his mercury vapor 
lamp for electric lighting used on direct current circuits only. 
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Fic. 4,353.— Cooper Hewitt Mercury vapor rectifier. 


The difficulty of operating a lamp on the alternating current circuit lies 
in the fact that while a current will flow freely through it in one direc- 
tion, when the current reverses the negative electrode or catliode acts as 
an electric valve and stops the current, thus breaking the circuit and 
putting out the light. By following up this new electrical action, Hewitt 
applied the principle in the construction of a vacuum tube with suitable 
electrodes, and by using two electrodes of iron or graphite for the positive 
or incoming current and one of mercury for the negative or where the 
current leaves the tube, the circuits could be arranged so that a direct 
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current would flow from the mercury electrode and be used for charging 
storage batteries, electro-chemical work or operating direct current flame 
arc lamps. 


As shown in the figure, the rectifier consists essentially of a glass 
bulb into which are sealed two iron or graphite anodes and one mercury cathode, 
and a small starting electrode. The bulb is filled with mercury vapor under 
low pressure. The action of this device depends on the property of ionized 
mercury vapor of conducting electricity in one direction only. 
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Fic. 4,354.— Three phase mercury arc rectifier. The rectifier bulb is provided with three posi- 
tive electrodes or anodes, a negative electrode or cathode, and a starting anode, as shown. 
The three phase leads are connected to the anodes at the top of the bulb, a branch from one 
phase being brought down to the starting anode, a resistance being placed in the circuit to 
prevent excessive current on accóunt of the proximity of the two lower electrodes. Since there 
is always a pressure on one of the three anodes in the right direction, a reactance coil is not 
necessary. The apparatus is started in the usual way by tilting. ` 





In operation no curfent will flow until the starting or negative elec- 
trode resistance has been overcome by the ionization ot the vapor in its 
neighborhood. To accomplish this, the voltage is raised sufficiently to 
cause the current to jump the gap between the mercury cathode and the 
starting cathode, or by bringing the cathode and starting electrode to- 
gether in the vapor by tilting and then separating them, thus drawing 
out the arc. When this has been done, current will only flaw from the 
anode to the mercury cathode, and not in the reverse direction. 
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Fic. 4,355.— Westinghouse-Cooper Hewitt mercury vapor rectifier bulb. It consists essentially 
of a hermetically sealed glass bulb filled with highly attenuated vapor of mercury, and pro. 
vided with electrodes. Its operation is fully explained in the accompanying text. 
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Fics. 4,356 to 4,359.—Diagram of current waves and impressed pressure of Westinghouse- 
Cooper Hewitt mercury vapor rectifier. The whole of the alternating current wave on both 
sides of the zero line is used. The two upper curves in the diagram show the current waves 
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Fic. 4,360.—Diagram of Batten type electro-magnetic rectifier. In construction and op- 
eration, the soft iron core of the relay is in two halves S' S' and the armature A, carrying C, 
vibrates between their polar extremities. M, M’ are two permanent magnets with their like 
poles together at the center C’ where A is pivoted. Supposing these poles.are north as indi- 
cated, the extremities of A will be south. The south ends of M, M being in juxtaposition 
with the centers of the soft iron cores S’, S’ will render their extremities facing the ends of 
A of north polarity. The windings on S’, S’ are connected in series with each other, and 
in shunt with P across the main terminals T’, T”. Then because of the polarization of A 
and S’, S’, the former will vibrate rapidly in sympathy with the alternations of the current. К. 
is acondenser shunted by a lamp resistance L”, this being found to improve the working of R. 


Fie. 4,356 to 4,359.—Text continued. 


in each of the two positive electrodes, and the resultant curve III represents the rectified 
current flowing from the negative electrode. Curve IV shows the impressed alternating cur- 
rent pressure. It is evident that if the part of the wave below the zero line were reversed, the 
resulting current would be a pulsating direct current with each pulsation varying from zero 
to a positive maximum. Such a current could not be maintained by the rectifier, because as 
soon as the zero value was reached the negative electrode resistance of the rectifier would be 
re-established and the circuit would be broken. To avoid this condition, reactance is intro- 
duced into the circuit, which causes an elongation of current waves so that they overlap be- 
fore reaching the zero value. The overlapping of the rectifier current waves reduces the ampli- 
tude of the pulsations and produces a comparatively smooth direct current as shown in curve 
III. In this way the whole of the alternating current is transformed to direct current because 
-each of the alternations in both directions is alternately rectified. 
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In order to maintain the action, a lag is produced in each half wave by 
the use of a reactive or sustaining coil; hence the current never reaches 
its zero value, otherwise the arc would have to be restarted. 


There are two kinds of losses in the tube: 1, arcing, or leakage from 
one anode to the other, and 2, the mercu.y arc voltage drop. This drop does 
not depend on the load, the energy represented by the drop being converted 
into heat, which is dissipated at the surface of the cantaining vessel. 
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Fic. 4,361.—Elementary diagram of mercury arc rectifier connections. A.A., graphite anodes; 
B, mercury cathode; C, smalt starting electrode; D, battery connection; E and F, reactance 
coils; G and H, transformer terminals; J, battery. 


According to Steinmetz, the limit of voltage must be very high, as 
36,000 volts has been rectified. The current output is limited principally 
by the leading-in wires to the electrodes, it being a difficult problem to 
seal into the glass container the large masses of metal required for the con- 
duction of large currents. Frequency has but little influence. The direct 
current voltage ranges from 20 to 50 per cent. that of the arc supply. 
The life of the valve depends somewhat upon its size, being longer in the 
small sizes and never, with fair usage, less than 1,000 hours. 
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The construction and operation of the General Electric 
mercury arc rectifier is shown in fig. 4,361. 


The rectifier tube is an exhausted glass vessel in which are 
two graphite anodes A, A’, and one mercury cathode B. The 
small starting electrode C, is connected to one side of the alter- 
nating circuit, through resistance; and by rocking the tube a 


slight arc is formed, which starts the operation of the réctifier 
tube. 
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Fics. 4,362 to 4,364.—General Electric mercury arc rectifier outfit, or charging set. The cut 
shows front, rear, and side views of the rectifier, illustrating the arrangement on a panel of 
the rectifier tube with its connection and operating devices. 


At the instant the terminal H, of the supply transformer is positive, the 
anode A, is then positive, and the arc is free to flow between A and B. 
Following the direction of the arrow still further, the current passes through 
the battery J, through one-half of the main reactance coil E, and back to 
the negative terminal G, of the transformer. 
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When the impressed voltage falis below a value sufficient: to maintain 
the arc against the reverse pressure of the arc and load, the reactance E, 
which heretofore has been charging, now discharges, the discharge current 
being in the same direction as formerly. This serves to maintain the arc 
in the rectifier tube until the pressure of the supply has passed through 
zero, reversed, and built up such a value as to cause the anode A, to have 
a sufficiently positive value to start the arc between it and the cathode B. 
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Frc. 4,365.—Diagram showing connections of General Electric series mercury arc rectifier. 


The discharge circuit of the reactance coil E, is now through the arc 
A'B, instead of through its former circuit. Consequently the arc A’B, is 
now supplied with current, partly from the transformer, and partly from 
the reactance coil E. The new circuit from the transformer is indicated 
by the arrows enclosed in circles. 


An arc rectifier outfit with its starting devices, etc., is shown 
in figs. 4,362 to 4,364. 
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To start the rectifier, close in order named: line switch and circuit 
breaker; hold the starting switch in opposite position from normal; rock 
the tube gently by rectifier shaker. When the tube starts, as shown by 
greenish blue light, release starting switch and see that it goes back to 
normal position. 


Adjust the charging current by means of fine regulation switch on the 
left; or, if not sufficient, by one button of coarse regulation switch on the 
right. The regulating switch may have to be adjusted occasionally during 
charge, if it be desired to maintain charging amperes approximately con- 
stant. 


In the operation of a mercury arc rectifier a reverse pressure of ap- 
proximately 14 volts is produced, which remains nearly constant through 
changes of load, frequency, and voltage. Its effect is to decrease the 
commercial efficiency slightly on light loads. 


Mercury Arc Power Rectifier.—For economic reasons genera- 
tion and transmission to converting sub-stations at high a.c. 
voltages is essential. Conversion from alternating to direct cur- 
current, by rotary converters possesses the inherent dis- 
advantages of rotating machinery and the object of the power 
rectifier is to eliminate these disadvantages, and thereby to pro- 
vide a plant that can be compared in simplicity to the ordinary 
static transformer. 


Much information on mercury arc phenomena was published during the 
period 1892-1911, referring, however, only to the mercury arc in glass 
bulbs, while the theory of single phase rectification was especially treated 
by Steinmetz and Cooper Hewitt. The latter constructed the first rectifier 
of a practical design, which was received with much interest for a time, 
especially in this country. 


Steinmetz even gave a theoretical treatment of the two phase rectifier, 
and discussed the internal phenomena with the help of oscillograms. 


After a comparatively long period of inactivity, this problem of rectifica- 
tion by means of the mercury arc valve was again taken up, but this time 
in Europe. The large power rectifier was to a great extent made possible 


NOTE.—ZJn installing a rectifier it should be placed in a dry room and care should be 
taken to avoid dangling wires near the tube to prevent puncturing. If the apparatus be installed 
in a room of uniform moderate temperature very little trouble will be experienced in starting, 
while extreme cold will make starting more difficult. 
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by the construction of an ingenious seal for use with steel tanks. Up to 
this time only glass vessels could be made sufficiently air tight. 


| The mercury arc when operating in high vacua has the pecul- 
lar property of permitting the passage of a current in one 
direction only, as previously explained. 


и In other words, the current is intercepted at each half period, the posi- 
tive half waves only passing between the two opposing electrodes. The 
arrangement thus constitutes an electric valve. An explanation for this 


Fic. 4,366.— Photograph of mercury arc. The anode is at 
the top and the cup at the bottom. The arc, as will be 
seen, is in the form of a halo spread evenly over the sur- 
face of the anode while, at the cathode, it centers in the 
“cathode spot." The intervening space is largely occupied 
by a spongy looking luminous column which extends down 
from the anode about three quarters of the way and then 
stops abruptly, leaving a dark space. 





vaive action can be given by assuming that the cathode surface which is 
raised to a state of incandescence at the point where the arc strikes it 
(known as the “cathode spot’’) is conducting to electrons in both directions, 
while the cooler electrode, the anode, conducts only in one direction. 
From this it is seen that the valve action is almost entirely due to the anode. 


The arc takes the form of a luminous column spreading like a halo over 
the whole surface of the anode and centering in one spot at the cathode, | 
as shown in fig. 4,366, tnis spot travels at high speed in irregular paths 
over the surface of the mercury. This rectifying effect is not the peculiar 
property of mercury but is simply due to the arrangement of two electrodes 
whereby one (the cathode) is raised to a high temperature (about 3,000 
deg. C.) and the other (the anode) is maintained at a temperature (400 
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deg. C. to 600 deg. C.) below that at which the formation of electrons 
is possible. 

In the rectifier, mercury is used because its vapor can be easily con- 
densed and led back to the cathode without loss. It has been shown that 
the arc deals only with the positive half of the alternating wave. To 
make the arrangement commercially possible, both halves must be utilized 
and this is obtained by connecting in the manner shown in fig. 4,367, 
which represents a single phase two anode rectifier with step down trans- 
former having a divided secondary, the mid point of which is brought out 
and forms the negative pole of the direct current system, the cathode 
forming the positive pole. The best results are obtained where the pri- 
mary supply is three phase. 





Шү 


Fic. 4,367 .—Single phase two anode mercury arc rectifier and connections to utilize both halves 
of the a.c. wave. Considering first the positive half wave, this induces a current in the left 
half winding flowing toward anode Ai. During this half period the right half winding is in- 
active but at a pressure equivalent to that of the left half winding, only of opposite polarity. 
No current is flowing in this winding due to the valve action of the arc. As the wave passes 
through zero, the negative half comes into play in the right half winding, inducing a current 
flowing toward anode As. The left half winding is now inactive but at an opposite pressure 
equivalent to that of the other half. With each cycle this process is continued and both half 
waves are completely utilized. As it requires only a cessation of the current for a very small 
fraction of a second to cool the cathode spot su‘ficienuly to eatinguish the arc, reactance is 
inserted in the rectified circuit at L, thus prolonging the wave and preventing it dropping to 
zero. By making the reactance large enough it is possible to so reduce the undulations in the 


rectified wave that even a single phase primary supply can be satisfactorily converted and 
commercially used. 
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Ею. 4,368. — American Brown 
Boveri mercury arc power rec- 
tifier. In operation, the arc 
works between the main 
anodes B, and the cathode; it 
has a well defined path wnich 
diminishes the risk of flashing 
over. At the point of contact 
of the arc with the mercury, a 
dense cloud of vapor is given 
off. The un-ionized portion of 
this vapor rises between the 
anodes and finds its way into 
the condensing cylinder where 
a reduction in temperature 
takes place due to the water 
jacketing and it is re-con- 
densed and drops back in the 
form of globules into the col- 
lector H. From here it runs 
down the sloping troughs to 
the sides of the arc chamber 
and thence back to the cath- 
ode so that there is no loss and 
the mercury need never be re- 
plenished. For cooling pur- 
poses a small quantity of fairly 
good water is necessary, that 
usually obtainable from the 
city mains being suitable. It 
first passes through the cath- 
ode base, N, from there to the 
jacketing round the large cyl- 
inder and the anode plate by 
the connections O, after which 
it passes to the jacket sur- 
rounding the condensing cyl- 
inder and then out to waste 
or to a separate re-cooling sys- 
tem. 


Rectifiers 2,505 





For the successful operation 
of the rectifier. high vacua are 
essential, the normal working 
range being .01 to .001 mm. of 
mercury. The first problem 

. therefore that had to be solved 
in the manufacture of the mer- 
cury arc power rectifier was the 
production of large steel cylin- 
ders that would be at once ac- 

STs cessible and gas tight. The 

hw mercury seal was finally adopt- 
ed as giving the best results. 

в Its construction is shown in 

fig. 4,369. Я 











М 
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A mercury arc power rec- 
tifier is shown in fig. 4,368. 


Fic. 4,369.—Mercury seal of American Brown Boveri mercury arc power rectifier. Jt consists 
of mercury and asbestos for the hotter portions and mercury and rubber for the cooler parts. 
The mercury is at A and the asbestos at B. As a sealing medium mercury has the advantage 
that should any filter inward it can only find its way to the cathode and will not interfere 
with the operation of the plant. 


The major portion is the large welded steel cylinder K, in which the 
arc operates and above it is the narrower condensing cylinder C. These 
two cylinders are connected by the heavy anode plate D, while the lower 
portion of the arc chamber is closed in by the plate M, in the center of 
which the cathodc is located. 


The condensing cylinder is closed at its top by a plate carrying the 
ignition coil B. The rectifier as a whole, is mounted on the insulators P, 
these in their turn being carried on the foundation ring Q. There are six 
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main anodes E, and two auxiliary anodes G, placed in a circle around the 
anode plate. 
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Fic. 4,370.—Two stage vacuum pump of American Brown Boveri mercury arc power rectifier. 
It consists of a high vacuum mercury pump in series with a rotary oil immersed pump. The 
latter pump is direct coupled to a 14 k.p. motor and is capable of creating a vacuum equiva- 
lent to about .02 mm. of mercury, the final reduction to .001 mm. of mercury and below being 
obtained by means of the mercury pump. The pump has at its base in the chamber 5, a pool 
of mercury which is heated by an electric heater located immediately below. In operation, 
the mercury pump works on the injector principle, this action being produced by the vapors 
rising from the boiling mercury and in doing so sucking the air and gases down the pipe a, 
connected to the upper portion of the rectifier cylinder. The conical section of the mercury 
pump is water jacketed so that, as the mixture of vapor and gasrises, the vapor is recondensed 
and drops back into the pool at the bottom while the gas is drawn off by the rotary pump as 
indicated by the arrows and then discharged to atmosphere. The rotary pump has a non- 
return valve d, which operates in the event of the pump shutting down and thus prevents the 
oil and air finding its way into the stationary pump and rectifier. 
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The auxiliary anodes serve to maintain the arc when the load drops 
to a very low level (about 40 amps). They may be said to constitute a 
single phase rectifier within a six phase one, because they are connected 
externally with a small exciting transformer providing about 44 kva. 
which keeps up the temperature of the cathode spot. 

The mid point of the exciting transformer is brought out as in the case 
of the main transformer and connected through a resistance and smail 
reactance to the cathode—the former limits the current consumed while 


A.G. SUPPLY 


AUXILIARY SUPPLY 






IGNITION 
_ AND 
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VACUUM PUMP 


RECTIFIER 
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Fic. 4,371—Connection diagram for American Brown Boveri single rectifier equipment. In 
operation, when the main transformer is energized, the primary switch of the excitation 
transformer Tex, closes at the same time, thereby completing the circuit of the ignition coil 
IC. This brings down the ignition anode until it touches the mercury bath of the rectifier. The 
circuit of coil IC, is now opened, due to the current passing down therod to.the ignition anode, 
which causes the right hand contacts of relay R, to open. The ignition anode is now drawn 
up by a spring acting in opposition to coil IC, and at the point of rupture with the mercury 
an arc is started. As the two excitation anodes Ex, are already charged, an arc now starts 
from them to the cathode. The excitation current strength being greater than that of the 
ignition current the second part of relay R, operates and its contacts are opened, thereby ex- 
tinguishing the ignition arc and leaving the rectifier ready to be loaded as required. 
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the latter insures that the auxiliary arc will not drop to zero at each half 
period. 

The main anodes are screwed to the anode bolts which convey the 
current to them, the transformer connections are brought to lugs fitted 
to the upper part of these bolts. Specially designed insulators separate 
the anodes from the anode plate. 


Mercury arc power rectifiers are made in various sizes with 
ratings from about 150 to 2,000 kw. at voltages up to about 
1,800 volts. For higher d.c. voltages up to 6,000 volts, the cur- 
rent ratings are somewhat reduced. 


For a rectifier layout in its simplest form there is only one important 
auxiliary provided, namely, the vacuum pump set, as shown in fig. 4,370, 


BULB 









FILAMENT 
EXCITATION 
WINDING 


Fic. 4,372.—Half wave Rectigon schematic diagram of connections. 


From what has already been said, it will be appreciated that a high vacuum 
is absolutely essential to the satisfactory operation of the plant. 


For the ignition of the arc, alternating current is now employed which 
has enabled the plant to be materially simplified. The diagram, fig. 4,371 
shows the ignition and excitation circuit. 


Argon Gas Bulb Rectifiers.—Instead of putting mercury in an 
exhausted glass bulb, argon gas may be used. 
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Typical argon gas bulb rectifiers are these made by the 
Westinghouse Company and General Electric Company under 
the trade names “Rectigon” and “Tungar” respectively. 


The Rectigon outfit consists essentially of a transformer for converting 
the voltage to the proper value, and a bulb for rectifying. The bulb is 
a glass envelope, containing an anode and a cathode in the shape of a 
filament, surrounded by an atmosphere of pure argon. Leads to the anode 
and cathode are sealed through the glass walls of the bulbs. For con- 


venience of installation, the filament leads are connected to the terminals 
of a screw base. 






FILAMENT 
EXCITATION 
WINDING 


FILAMENT 
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Fic. 4,373.—Full wave Rectigon schematic diagram of connections. 


When alternating current voltage is applied to the transformer, the 
filament of the bulb is heated to incandescence by current from a special 
winding on the transformer. At incandescent temperature, the filament 
emits electrons which, by collision with the molecules of the gas, ionize 
the gas and provide the means of current [flow from the anode to the 


NOTE.—Argon gas. This gas forms rather less than one per cent of tlie atmosphere. Its pres- 
ence in the air was first indicated by the fact that a liter of nitrogen prepared from air was found 
to weigh heavier than a liter of pure nitrogen obtained in other ways. It can be obtained by pass- 
ing electric sparks through air in presence of caustic potash, and gradually adding oxygen until 
all the nitrogen has been converted into potassium nitrite and nitrate. Atomic weight, 40. Has 
a characteristic spectrum, a monatomic molecule. It appears to be incapable of entering into х 
chemical combination with any other element or compounáà whatever. 
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cathode. Since the anode remains at a comparatively low temperature, 
current cannot flow in the reverse direction. 


The voltage of the secondary of the transformer is applied to the load 
through the bulb and due to the valvelike action of the bulb, current is 
permitted to flow in only one direction. 


The General Electric “Tungar” rectifier is 
similar to the Rectigon. It consists essentially 
of one or two bulbs, a transformer and an 
enclosing case. 





Fics. 4,374 and 4,375.— Westinghouse Rectigon bulbs. Fig. 4,374, two ampere; fig. 4,375, six 
ampere. The small portable Rectigons are designed to charge single batteries in homes and 
private garages In these outfits the transformer secondary voltage and internal reactance are 
so chosen to give a charging current not far from the rated values under any conditions of line 
or battery within reasonable limits without any change in connections or any adjustment for 
different conditions. The application is limited to lines of voltage variation from 100 to 130 
volts and to batteries of between 1 and 48 cells. Within these limits the charging current 
varies from 20% above the rated value to about 50% below. Thus, with a line voltage 10% 
above normal and charging 3 cells the current will be approximately 20% above the rated 
value, and with a line voltage 10% below normal and charging 6 cells, the current will be 
approximately 50% of the rated value. The charging current does not vary appreciably during 
charge. 
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The bulb is similar in appearance to an incandescent lamp. A low 
voltage filament, the cathode, and one or sometimes two carbon anodes are 
used for electrodes. The bulb is filled with argon gas. 


,When the filament is energized the space between the electrodes acts 
as an electric valve of low resistance, allowing current to flow only from 
anode to cathode. Therefore, only uni-directional or direct current can 
flow from the battery charger. The transformer serves three purposes: 
First, it adjusts the voltage of the alternating supply to that required 
by the batteries; second, it furnishes a separate source of excitation for 





Fic. 4,376.— Westinghouse 12 ampere, 75 volt, Rectigon rectifier with cover removed showing 
bulbs, etc. By means of the arrangement of the d.c. leads, the user is given the choice of three 
combinations for charzing batteries, as there are always two circuits available, The first com- 
bination will charge two groups, of from one to ten batteries each, at a six ampere rate. Or, 
by turning the regulating handle to the off position, it is possible to eliminate one group. A 
second rearrangement of the external connections permits one to charge a maximum of ten 
batteries at the rate of 12 amperes. The third combination is an arrangement of batteries 
into three groups so that the current going into one group will equal the sum of the currents 
in the other two groups. In this manner it is possible to give a high charging rate to a special 
group of batteries and at the same time charge two other groups at a low rate. 


the filament; and third, it insulates the batteries from the supply current. 


Various battery voltages are used. 24 and 48 volt systems predominate, 
although 12 volts is often used on small and 110 volts on large systems. 


Bulb Rectifier Troubles.—Typical of the characteristics of 
operation of bulb type rectifiers, the following troubles relating 
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in particular to Tungar rectifiers, with their remedies are given. 
If, on turning on the dial switch, the bulb do not glow: 


]. See whether the a.c. supply be on; 


2. Examine the supply line fuses. If these be blown or be defective 
replace them with 10 ampere fuses for a 115 volt outfit or with 6 ampere 
fuses for a 220 volt outfit; 

3. Make sure that the bulb is screwed well into the socket; 


4. Examine the contacts inside the socket. If they be tarnished or 
dirty, clean them with sandpaper; 


e 


Rectigon 


e 





2105. 4,379 and 4,380.— Westinghouse 6 amperes, 75 volts Rectigon battery charger for public 
garages and battery service stations. Fig. 4,379, charger closed; fig. 4,380, charger open 
showing construction. 

5. Try a new bulb. The old bulb may be defective; 
6. Have the switch arm make good contact on the regulating switch. 


If the bulbs light, but no current show on the ammeter: 


1. Examine the connections to the batteries, and also the connections 
between them. Most troubles are caused by imperfect battery connections; 
2. Examine the fuse inside the case. If this be blown or defective, re- 


place it with a 12 ampere fuse; 
: A 


~" 
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3. See that the clip is on the wire of the bulb; 


4 4. The bulb may have a slow leak and therefore may not rectify. Try 
a new bulb. 


If the current on the ammeter be high and cannot be reduced: 


5 X Spring Clips (for connecting 
to Battery) Yo 1) „= 
ZR 





Fic. 4,381.—General Electric Tungar battery charger, home type, for lead batteries. 5 ampere 
charging rate for 3 cells or 3 ampere charging rate for 6 cells. This type of Tungar is especially 
adapted for charging radio batteries. The number of ampere hours replaced should be about 
30% higher than those taken out of a battery. For example, if a 3 tube receiving set (1 am- 
pere per tube) be operated 3 hours, the battery will deliver 9 ampere hours. The Tungar should 
be operated approximately 244 hours or a total of 12 ampere hours to replace this amount of 
discharge. Keep the battery in a fully charged condition at all times. Always have the leads 
from the battery to the radio set disconnected when charging. The radio set is grounded, and 
trouble will occur if these instructions be not followed. Always pull the attachment plug out 
of the socket. Never merely turn olf the socket switch when discontinuing charging. Make the 
detector filament connections direct to the battery and not to the Tungar leads. A safe ar- 
rangement is to have a small double pole, double throw switch, the battery being connected to 
the blade terminals, the Tungar to the terminals on one end and the bulbs to the terminals on 
the other end. 


1. The ammeter may be sticky; tap it lightly with the hand. The 
ammeter will not indicate the current correctly if the pointer be not on 
the zero line when the Tungar is not operating. ‘The pointer may be 
easily reset by turning slightly the screw on the lower part of the instru- 
ment; 
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2. Be sure that the batteries are not connected with reversed polarity; 


3. The a.c. supply may be abnormally high. Make sure that the pri- 
mary connection is made to the tap nearest to the supply voltage. Always 
keep a spare bulb on hand that has been tested for at least one complete 
charge before being placed in reserve. 
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0. 4,382. — Westinghouse "Rectox" dry junction trickle charger. 

Fic. 4,383.—Connection plate of Rectox dry junction trickle charger. This outfit will charge 
a 6 volt storage battery at a maximum rate of approximately .75 ampere continuously and 
provision is also made for charging at a .4 ampere rate if desired. In charging, it is merely 
necessary to connect the battery to the charger by means of short copper wires, and then 
plug the a.c. lead into any convenient light socket. The position of the link connector on 
the front of the outfit determines whether half or full rate charging will be necessary to 
select the proper terminals, which are very plainly marked, in order to obtain the charging 
trate desired. 


Dry Junction Rectifier.—This type rectifier was introduced 
with the idea of avoiding electrolyte, gas, or vacuum аз ет- 
ployed in the rectifiers just described. The rectifier of this type 
here described is made by the Westinghouse Company under 
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the trade name “Кесюх.” This outfit consists chiefly of a 
suitably designed transformer and copper oxide rectifying 
elements enclosed in a sheet steel case. 


The rectifying element consists of copper discs or washers, one side of 
which has been treated at high temperature to collect a coating of copper 
oxide. These discs are separated from each other by a lead washer to 





Fic.-4.384.— Westinghouse dry junction rectifier unit consisting of treated copper discs as 
described in the accompanying text 
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furnish good contact. The d.c. terminals, fuse and charging rate selector 
studs are located at one end of the outfit and all parts plainly marked. 


The two standard. methods of connecting rectifiers for full wave recti- 
fication are shown in figs. 4,385 and 4,386. 








Fig. 4,387.—Kodel “Kuprox” full wave dry junction rectifier assembly for 
handling a higher current and voltage than is permissible with a single disc. 
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Fig. 4,390 shows an assembly of four copper oxide rectifier elements into 
a group for full wave rectification, the connections being the same as in 
fig. 4,389. Such an assembly may be used without a central tap in the 
transformer. With good ventilation, such a unit will supply a uni-direc- 
tional pressure of 6 volts and a current which depends on the area used. 


The current density that may be used depends on the effectiveness of 
the ventilation that is provided. In order to dispose of the power lost in 


Cc? 





С! 

Fic. 4,388.—Kodel ‘“Kuprox”’ rectifier disc. The rectification is due to a thin layer of copper 
oxide B!-B?, formed directly upon a sheet of pure copper A, and coated on its outer surface 
with a thin copper film C!, C*. The direction of current flow, is from the copper films C!, or 
C*, through the intervening oxide layers B!, or В?, to the underlying copper plate A. If the 
positive terminal of a battery-or other source of energy be connected to À, and provided the 
critical voltage be not exceeded, no current will pass through the Kuprox disc upon completion 
of the exterior surface. 
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the rectifier, it may be provided with ventilating fins. With current den- 
sities greater than two amperes per square inch, a forced air draught or 
immersion in oil is necessary. 





Fic. 4,390.—Group assembly of dry junction rectifier discs for full wave rectification. 


TEST QUESTIONS 


What is the purpose of a rectifier? 

. Give the definition of a rectifier. 

For what applications are rectifiers used to advantage? 
Give a classification of rectifiers. 

What is a mechanical rectifier? 

Of what does an electro-magnetic rectifier consist? 
Name two kinds of electro-magnetic rectifiers. 

What is an electrolytic rectifier? 

What are electrolytic rectifiers sometimes called? 
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‚10. 


11. 
12. 
13. 
14. 
15. 
16. 
17: 
18. 


Ө; 


20. 
21r 
22. 
23% 
24. 


25. 
26. 
27. 
28. 
29. 
30. 


31. 





What metal is extensively used in the construction of 
electrolytic rectifiers? 

Describe the Nodon valve. 

Describe the Fleming oscillation valve. 

Describe the Grisson valve. 

Who invented the audion valve? 

How does the Churcher valve operate? 

Describe the Pawlowski valve. 

What type is the Buttner valve? 

What significance have the terms vapor and arc as 
applied to rectifiers? 

Describe at length the Cooper- Hewitt mercury vapor 
rectifier . 

What are the two kinds of losses in the rectifier tube? 

What is a mercury arc power rectifier? 

Describe a mercury arc rectifier outfit. 

How is a mercury arc rectifier started? 

Describe at length the American Brown Boveri mer- 
cury arc power rectifier. 

Describe the construction of the mercury seal for 
power rectifiers. 

How does the two stage pump used with the power 
rectifier work? 

What is the range of sizes of mercury arc power recti- 
fiers? 

Describe the argon gas bulb rectifier. 

Give some points on argon gas. 

Give a number of bulb rectifier troubles, with their 
remedies. 

What is a dry junction rectifier? 
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CHAPTER 81 


Lightning Arresters 


By definition a lightning arrester is 4 device for providing a 
path by which lightning disturbances or other static discharges 
are passed to the earth, ` 


A lightning arrester is a device intended primarily to prevent 
damage to electrical apparatus which may be caused by dis- 
turbances due to lightning. The study of the effects of light- 
ning is of even greater importance than that of the lightning 
itself. 


Most of the effects of lightning found on electrical circuits are due not 
to a direct stroke of lightning striking the transmission line, but rather 
due to the so called induced voltage which appears on the transmission 
line when a cloud over the line suddenly discharges either to ground or 
to another cloud. 


Lightning arresters are not intended to take care of direct 
strokes, and like poles, or insulators, or other portions of the 
structure of electrical circuits, may be destroyed by such a 
discharge. 

The magnitude of the voltage which appears on a line when 
the cloud overhead discharges depends upon the height of the 
line above the ground and the pressure gradient at the time 
of discharge in the region where the line is located. 


1 
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The rapidity with which the voltage appears on the transmission line 
is determined by the rapidity with which the cloud discharges. As is 
well known, from watching lightning during a thunder storm, the dis- 
charge takes place in a very short time. That time may be, perhaps, the 
time it takes electricity to travel from the cloud to the ground, which if 
the cloud be half a mile above the earth and discharged to the earth, 
would be of the order of 1/400,000 part of a second. р 


Some observers believe that the lightning discharge is oscilla- 
tory in character, while others are of the opinion that the dis- 
charge is unidirectional. 


Considerable material has been written concerning the magnitude of the 
voltage and current which may be found in lightning discharges. Valuable 
as these factors are in helping to clear up the lightning problem, the mag- 
nitude of the voltage on the line and the rate at which it builds up are 
of immediate importance. : 


Since the portion of the line under the cloud is charged to a certain 
voltage against ground, the transmission circuit so affected may be con- 
sidered as a condenser which discharges into the rest of the circuit not 
under the cloud. As a result of such a discharge, two waves of voltage 
travel along the transmission line in opposite directions from the dis- 
turbance. If these waves do not flash over some insulator as they travel 
along the line, they will continue until some inductive electrical apparatus 
is reached where insulation between turns or between conductors and 
ground may be punctured or otherwise damaged unless properly pro- 
tected by a lightning arrester. Any study, then, of the lightning problem 
must involve the study of the effects of a wave traveling along an elec- 
trical conductor, these waves being so constituted that the voltage rises 
from zero to a maximum of many times the operating voltage of the line 
in a period of time as short as a few microseconds. 


Considerable experimentation has been made with discharges of con- 
densers producing waves of this character, but no means have been avail- 
able whereby the exact form of these waves could be determined, until 
recently. 


A scientific study of the whole problem involves the use of some oscillo 
graphic device such as shown in figs. 4,391 and 4,392, which will depict 
easily and accurately transient phenomena of extremely short duration, 
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Fics. 4,391 and 4,392.—Dufour oscillograph. Fig. 4,391, external view; fig. 4,392, elementary 
diagram showing operation. There are two sets of deflector coils 1, 2, 3, 4, so arranged as 
to produce a time scale which may give a distance of several cm. on the film corresponding 
to a millionth of a second. In one of the sets of deflecting coils a transient current is passed 
in such a manner that the electron stream is held off the film until the proper time arrives, 
when it sweeps across the film at a uniform rate. The circuit is so arranged that the electron 
stream does not again return to the film. Thus, with these so called sweeping coils only 
in use, a straight line is traced. Through the other set of deflecting coils is passed a current 
from an oscillator whose amplitude is adjusted so that the electron stream is not deflected 
beyond the edges of the film. When these coils only are energized a straight line is traced. 
When both of these coils are energized simultaneously the effect is to produce a wave form. 
By these means a time scale is produced in either of two directions as desired. By using 
the sweeping alone without the oscillator, a time scale may be obtained such that 1 in. 
along the film is equal to about 8 microseconds. Using the oscillator alone the magnifica- 
tion of the time scale is limited only by the frequency which it is possible to secure in the 
oscillator circuit. 
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Terms Relating to Arresters 


For a clear understanding of this chapter the reader should 
note the following: 


Definitions 


Cathode Ray Oscillograph.—A cathode ray oscillograph is an instru- 
ment in which the moving parts consist of cathode rays. This has a very 
high speed and can be used to accurately record surges of very short 
duration. 


Characteristic Element.—The characteristic element of a lighting ar- 
rester is that part of the arrester which controls the discharge current 
and which suppresses the follow current. 


Discharge Current.—The discharge current of a lightning arrester is 
the current resulting from the surge which flows through the lightning 
arrester to earth during the time the lighting surge is taking place on the 
circuit. 


Follow Current.—After the surge current caused by the lightning dis- 
turbance, passes through the lightning arrester, there is formed a conducting 
path through which the normal or generated current of the circuit may also 
flow. Although this generated current is finally stopped, some of the 
current follows the surge current through the lightning arrester and this 
current is called follow current. 


Ground.—Any conducting connection between an electrical circuit and 
the earth, is called a ground or earth, the word earth being more accurate 
when applied in connection with the use of lightning arresters. 


Horn Gap.—A horn gap is a spark gap equipped with metal horns to 
assist in interrupting the follow current. Such a gap is sometimes used 
as a series gap with a lightning arrester. 


Lightning.—Lightning is an electrical discharge occurring in the at- 
mosphere from cloud to cloud, between cloud and earth or within a cloud. 
When such a discharge between cloud and earth terminates on a trans- 
mission line, a distribution line, electrical machinery or other objects, it 
js called a direct stroke of lightning. Although direct strokes may be de- 
structive, they usually strike electrical systems only in the transmission 
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circuit, where, at the present state of the art, it is not economic to com- 
pletely protect against them. Lightning arresters are not in general de- 
signed to protect against direct strokes, 


Lightning Arrester.—A lightning arrester is a device providing a path 
for electric current between any electric circuit and the earth, through 
which, upon occurrence of a lightning surge, current will be conducted in 
sufficient amount to reduce the over voltage of the circuit caused by the 
surge, and alter this reduction, the current will cease to be so conducted. 


Lightning Surge.—A lightning surge is a temporary electrical disturb- 
ance in an electric circuit caused by lightning. 
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Fics. 4,393 and 4,394, —Method of measuring the voltage of an actual lightning stroke. 


Protected Series Gap.—A protected series gap is a series gap protected 
from rain and other precipitation by a roof or cover. 


Series Gap.—A spark gap connected in series with a lightning arrester 
which keeps the circuit through the lighting arrester open under normal 
conditions, but closes the circuit for the lightning discharge by sparking over. 
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Classification.—Lightning arresters may be classified 


1. With respect to their use, as to 


a, The kind of circuit to be protected: such as power or communication 
circuit. 


b. Location: that is, whether it be for use on distribution circuits or at 
large stations. 


c. Weather protection; whether indoor or outdoor type. 
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Fic. 4,395.—Electric field voltages in space caused by charged cloud. 


d. Nature of generated current; whether d.c. or a.c. 
e. The system of connection; whether it be earthed or non-earthed. 


2. With respect to control of follow current, as 


a. Valve type. 
b. Follow current type. 
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Ques. What are the causes of static charges? 


Ans. They may be caused by sand storms in dry climates, 
charges from overhead clouds, smoke, dust particles in the air, 
etc. 


Ques. What causes high frequency oscillations? 


Ans. They are usually due to lightning discharges in the 
vicinity of the line, either from cloud to cloud, from cloud to 
earth, or within a cloud. 
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Fic. 4,396.—Curves showing the manner in which the voltage increases on the line with de- 
crease in voltage on the cloud. 


Ques. What are the requirements of lightning protection 
devices? 

Ans. They must prevent excessive pressure differences be- 
tween line and ground, line and line, and prevent damage to 
electrical machinery by keeping the pressure, due to lightning, 
at a low value. 
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Ques. What is a spark? 


Ans. The conduction of electricity by air. 


Ques. What is an arc? 





Fic. 4,397.—Lightning discharge from transmission line photographed on revolving film tests 
made in the mountains of Colorado. A 24 mile idle line was available. The lightning 
was permitted to discharge to ground through a large gap in series with a small auxiliary 
gap in a dark box. A rapidly revolving photographic film on a steel disc recorded the dis- 
charge. Many of these discharges were photographed. In all cases, following the first 
impulse, a very highly damped oscillation took place at the natural period of the line or 
about 1,900 cycles. 


Ans. The conduction of electricity by vapor from the elec- 
trodes. 


Ques. What is the difference between an arrester for a 
grounded Y and non-grounded neutral system? 


Ans. The difference in design is that the arrester for the non- 
grounded neutral system must be built to take care of a higher 
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voltage. The reason for this is that under certain conditions 
the non-grounded system has a higher voltage to ground than 
the grounded system and this requires a higher voltage light- 
ning arrester. 


Ques. Why is a higher voltage obtainable with the non- 
grounded system? 
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Fics. 4,398 and 4,399.—T wo familiar illustrations showing the distinction between a spark 
and an arc. 


Ans. Ifone line become accidentally grounded, the full line 
voltage would be thrown across one leg. On a Y system with a 
grounded neutral, the accidentally grounded phase causesa short 
circuit of the phase and the arrester is relieved of the strain by 
the tripping of the circuit breaker. Briefly stated, a higher 
voltage arrester is used when for any reason, the system can be 
operated, even for a short time with one phase grounded. 
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Valve Type Arrester.— This type arrester is one whose char- 
acteristic element has a very high resistance at normal voltage, 
which resistance decreases as the voltage increases and then returns 
to its normal value when the surge voltage returns to zero. ‘These 
characteristics result in suppressing the follow current. 


In other words, the valve type acts as a valve and lets the high pressure 
surges pass through the arrester, but shuts the valve when the normal 
line current attempts to follow. 





Reduced Section 
Dropout feature 






Fic. 4.400.— Westinghouse valve type arrester for protection of distribution transformers; 
voltages up to 50,000. The protection of distribution systems is mainly a problem of dis- 
tribution transformer protection. This differs in every respect from the problem involved 
in the protection of station type apparatus. The construction of the arrester is plainly 
shown in the illustration. 


Follow Type Arresters.—By definition a follow current type 
arrester is one that permits follow current to flow and then puts 
out the follow current. 


This method of putting out the follow current might be by means of 
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a magnetic blowout; the change in characteristics of metal vapor prevent- 
ing the reversal of current; or allowing the heat of an arc to draw it out 
and break it as in the horn gap type. 


Protective Characteristics.— The protective ability of a light- 
ning arrester depends upon the voltage to which it allows the 
surge to go and the time during which it permits such voliage to 
be maintained. 





Fics. 4,401 to 4,403.—General Electric magnetic blowout (follow type) arresters. Fig. 4,401 
for outdoor service up to 750 volts; fig. 4,402 for indoor 750 volt service; fig. 4,403 type for 
mounting under car, 350-750 volts. 


Although the time of a lightning surge is very small, and can only be 
measured in millionths of a second, this time is important, and the length 
of time that the high voltage is impressed on the electrical machinery, in 
addition to how high the voltage is, determines whether the electrical 
machinery will have a breakdown of its insulation or not. 


Air Gap Arresters.—A method of relieving any abnormal 
pressure condition is to connect a discharge air gap between some 
point on an electric conductor and the ground. The resistance 
thus interposed between the ground and the conductor is such 
that any voltage very much in excess of the maximum normal 
will cause a discharge to ground, whereas at other times the 
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conductor is ungrounded because of the air gap. This forms the 
principle of air gap arresters. 


The single gap, while adequate for telegraph line protection, was found 
insufficient for electric light and power circuits, because since the current 
of such circuits is considerable and usually at high pressure, it would 
follow the lightning discharge across the gap. Thus the problem arose 
to provide means for preventing the line current going through the ar- 
rester, and this has resulted in the introduction of several new forms 
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Fic. 4,404.—Diagram illustrating operation of magnetic blowout (follow type) arrester. The 
arrester consists of an adjustable spark gap in series with a resistance. Part of the re- 
sistance is in shunt with a blowout coil, between the poles of which is the spark gap. The 
parts are mounted on a porcelain base which, for outdoor service, is in turn mounted in an 
asbestos lined wooden box. In operation, when the lightning voltage comes on the line, 
it causes the spark gap to break down and a discharge occurs through the gap and the re- 
sistance rod to ground. Part of the line current following the discharge shunts through 
the blowout coil, producing a strong magnetic field across the spark gap. The magnetic 
field blows out the discharge arc and restores normal conditions. 
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NON-ARCING METAL CYLINDERS 


Fic. 4,405.—Non-arcing multi-gap arrester. Based on the principle of employing for the 
terminals across which the arc is formed, such metals as are least capable of maintaining an 
alternating arc between them. This so called non-arcing property of certain metals was 
discovered by Alexander Wurtz. The action is such that the “line current” which follows 
the lightning discharge follows as an arc, but is stopped at the end of one alternation be- 
cause of the property of the non-arcing metals to carry an arc in one direction, but requiring 
an extremely high voltage to start a reverse arc. The non-arcing metals ordinarily em- 
ployed are alloys of zinc and copper. Plain multi-gap arresters as here shown Operate sat- 
isfactorily with the smaller machines and on circuits of limited power, particularly low 
voltage circuits. 
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of arresters, particularly the pellet type and the station type oxide film 
lightning arresters. 


Operation of a Lightning Arrester.—The cycle by which a 
lightning arrester operates includes the following action: 

1. Due to the series gaps, no current from the line passes 
through the arrester and the arrester circuit stays open; 

2. When the lightning surge takes place, the voltage goes up 
high enough to arc over the series gap, and the surge current 
or discharge passes through the lightning arrester to earth; 

3. The surge current continues to flow as long as the surge 
voltage is on the line, and after this stops flowing, a small 
amount of the generated current on the line may flow also, 
depending upon the type of arrester; 

4, As soon as the surge voltage has been reduced to a very 
low value, the surge current stops flowing, and shortly after, 
the follow current, if any, stops flowing and the arrester is 
restored to the original condition. 

As soon as the arrester has discharged as just described, it 
should be ready for another discharge in case of other lightning 
voltages. 


Pellet Arresters.—The essential elements of an arrester of 
this type are a number of small pills about 96 in., in diameter 
made of lead peroxide. 


These are coated with litharge powder which forms a film around the 
pill. These litharge coated pills or pellets are placed in a porcelain tube 
and assembled in good electrical contacts with metal electrodes at each 
end of the column. 


Between the line lead and the pellet column is one or more 
series gaps which separate the pellets from the line under nor- 
mal conditions, but which allow a discharge to take place, when 
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the voltage reaches a sufficiently high value above normal 
voltage. 


This construction is shown in figs. 4,406 and 4,407. The finished arrester 
as here shown consists of hundreds of miniature cells in series and in 
parallel. The litharge film apparently acts as a porous spacer and not 
as a solid insulation. This gives high speed and freedom of discharge. 
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Fics. 4,406 and 4,407.—General Electric pellet type arrester. Application: The pellet oxide 
film arrester is made for application to a.c. constant pressure circuits of vollages up to 
50,000. It is for outdoor service only and is used primarily for the protection of distribu- 
tion transformers and moderate sized substation transformers. The pellet type of oxide 
film arrester is a modification of the well known cell type of oxide film arrester. The latter type, 
which was developed for large stations and large outdoor transformers, has been in suc- 
cessful service since 1915 on circuits with voltages ranging from 300 to 220,000. This 
arrester is of the valve type. 


es High voltage surges go through this pellet arrester ina 
number of parallel paths and the sealing occurs at the contact 
surfaces of all the pellets in the path of the surge current. 


| It might be expected that such small contact surfaces as exist between 


the pellets would be quickly worn away by the discharges, but this is not 
the case. The contact surface is punctured by the discharge, but the 
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sealing at once reforms the film and the contact surface is restored, ready 
for additional service. 


The pellets have the mechanical strength to withstand the heavy surges 
that this type of arrester will discharge. 


The satisfactory performance of this arrester, or any lightning arrester, 
depends upon its application to circuits where the maximum voltage at 
no time exceeds the maximum rating of the arrester. 


Ww. 


Fics. 1,408 and 4,409.—General Electric compression chamber arresters; sectional views show 
compression chamber. 


Fics. 4,410 and 4,411.—General Electric pellet type oxide film arresters. Fic. 4,410, 25,000 
volt; fig. 4,411 37,000 volt. 








Compression Chamber Arresters.— These are made for the 
protection of apparatus on secondary lighting and power cir- 
cuits. The 750 volt arresters are especially suitable for the 
protection of apparatus on railway signal feeder circuits. All 
are for outdoor service only. 
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The essential elements of a compression chamber arrester 
are lwo electrodes with a small air gap between them, placed be- 
tween line and ground. The lightning voltage sparks over the 
gap and a current flows to ground, thus relieving the lightning 
strain. 


The gap electrodes are made of a brass alloy, which gives off a zinc 
vapor due to the heating of the current. This vapor has a rectifying effect 
preventing the reversal of the current, so that at the end of the cycle on 
which the discharge occurs, the line current followmg the discharge is 





Fics, 4,412 to 4,416.—General Electric oxide film arrester cell. Fig. 4,412, assembled cell; 
figs. 4,413 to 4,416, cell before assembly. In construction the cells are held together 
under moderate pressure and are arranged in sections or stacks according to the voltage 
and kind of circuit. The cells are disc shaped, about 7}4 ins. in diameter and%& in thick as 
shown. The active area is approximately 23 sq. in. Each cell is made of two circular brass 
plates crimped firmly to the edges of an annular piece of porcelain, as shown in fig. 4,416. 
A powder, lead peroxide, which has very low resistance, compactly fills the space between 
the plates. The inside of the metal plates is covered with a varnish film which is an in- 
sulator. The number of cells used in an arrester is such that the voltage per cell is ap- 
proximately 300 volts. The active area is about 23 sq. in. 


cut off and normal conditions are thus restored. In the compression 
chamber arrester the gap electrodes are separated by a porcelain spacer. 
It will be noted in figs. 4,408 and 4,409 that the brass alloy makes a small 
closed chamber. 


During the discharge, іле gases formed by the arc are held 
within these chambers and become slighily compressed and assist 
in extinguishing the arc by partially smothering it. This feature 
gives the arrester its name. 
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Fic. 4,417.—General Electric oxide film arrester; sectional view showing construction and 
names of parts. In putting in the cells, they are stacked up and clamped between treated 
wooden supports. The clamping construction is such that cells can be removed from one 
section without disturbing those in another. Arresters for outdoor service have galvanized 
sheet iron louvres attached to the wooden supports to give protection against the weather, 
These louvres can easily be removed for inspectian and repairs. 
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Oxide Film Arresters.—This type arrester consists essen- 


tially of a number of cells with a gap in series between line and 
ground. 


The cells are held together under moderate pressure and are arranged 
in sections or stacks, according to the voltage and kind of circuit. The 
cells are disc shape, about 714 in. in diameter and 5$ in. thick as shown 
in fig. 4,412. 


In operation when a lightning voltage sparks over the gap, tt 
is impressed on the cells and breaks down the insulating coating 
on the melal plates. 





Fic. 4,418.—General Electric three phase oxide film arrester for outdoor service 20,000 to 
25,000 volts; shields of middle leg removed for inspection. 


A breakdown occurs in the form of a minute crater cn the film coating. 
The metal plates are not punctured. As soon as the crater forms, a discharge 
current flows through the cells to ground thus relieving the lightning: 
pressure. The flow of current through the cells, through some action, 
the theory of which at the present time is not entirely understood, seals 
up the opening to the crater and prevents the generator current following 
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the lightning discharge. The arc in the series gap dies out and the ar- 
rester is again disconnected from the line. 

If the voltage should still or again be sufficiently high to break down 
the gap, the operation is repeated, either at the same point or some other 
point on the surface of the varnished plates. These operations may con- 
tinue for many years, the sealing action taking place over the entire area 
and sometimes in the same identical point that the previous discharge 
took place. 
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Fics. 4,419 to 4,42].—Protected area and distribution of hits between rod and ground for 
different positions of storm center. 





When arresters of this type are used an inspection should 
always be made at the beginning and end of each lightning 
season. 


If the cells be found mechanically intact, the arrester can be consid- 
ered in first class operating condition. 


a, 
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The.number of cells required for a given operating voltage is 
determined by ailowing about 300 volts per cell. 
It is possible to pre-determine the characteristics of an oxide film light- 


ning arrester in a laboratory by using a lightning generator and a cathode 
ray oscillograph. ; 


Ques. Can oxide film lightning arresters be operated at a 
low voltage temporarily and later at a high voltage? 


Ans. Yes. 
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Fic. 4,422.—Area protected by a lightning rod. 


This can be done by putting in enough cells for the final voltage, and 
short circuiting the extra cells while operating at the lower voltage. 


Ques. Describe the operations necessary in putting oxide 
_ film arresters in commission. 

Ans. The arrester should be assembled in accordance with 
construction drawings and the hemisphere gap adjusted for 
the correct gap setting. 
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All grass, weeds, and other obstructions should be removed from under 
or near the arrester, as these are liable to short circuit the live parts. The 
insulators, hemispheres and other parts should be thoroughly cleaned with 
a dry cloth to remove dust, surplus compound, etc. 


The arresters should have an initial charging operation and after that 
they should be charged at the beginning of each lightning season. When 
possible, it is advisable to reduce the line voltage to half voltage and 
raise it in steps of three quarters in full voltage, charging the arrester at 
each step. 


HL ^im 
И ot Pati ЕЗ 
0 ister Т 
0 02 04 06 08 10 12 14 16 18 20 22 4 
Height of Rod in Percent of Cloud Height 





Fic. 4,423.—Division of hits between rod and ground for different heights of rod. When the 
rod has zero length, 100% of the hits must strike the ground. When the height of the rod 
is 1.1% of the cloud height, the division of hits is equal, while all of the strokes go to the 
rod when it is about 2.5% of the cloud height. Over this range, the ground was never hit 
nearer to the rod than four times its height.—General Electric tests. 


The procedure in any case will be as follows: 


1. Disconnect the arrester from the line. 
2. Discharge each stack of the arrester to ground. 


3. Inspect all connections and mechanical parts to ascertain if al! be 
in good condition. 
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4. Where the line voltage is reduced for charging, all three gaps can be 
shorted at the same time with not greater than a 5 ampere fuse wire across 
each gap. Where the line voltage cannot be reduced, it is advisable to 
short each gap in turn before finally shorting all three gaps. At each volt- 
age gap the voltage should not be held over three minutes. If the fuses 
blow, or the cells show signs of trouble, indicated by any compounds being 
blown out, the operation should be discontinued and the arrester discon- 
nected, as the line circuit or arrester connections may be at fault. 

5. After the arrester has been satisfactorily charged, disconnect the ar- 
rester from the line and discharge the cell stack to ground. To discharge 
cell stack to ground, it is not necessary to discharge each individual cell. 
After the arrester is disconnected from the line, the line side of the gap 
should be grounded. Short circuiting the gap with the arrester discon- 
nected from the line will then discharge the cell stacks to ground. 


6. Remove al! short circuit connections and inspect all parts to see that 
all mechanical parts are making proper contact. 


7. Make sure that the gaps are set in accordance with the gap settings 
applying to the particular altitude that they are being operated at, and 
put the arrester in service. 


Ques. When is the pellet type of arrester used and when is 
the oxide film type of arrester used? 


Ans. The pellet type of arrester is generally used to protect 
small circuits, small banks of transformers, and other electrical 
machinery where the cost will not warrant the larger and more 
expensive arrester. The oxide film lightning arrester is used 
for all important stations for protecting large banks of trans- 
formers, and for protecting circuits where trouble from light- 
ning would be very dangerous and expensive. 


Ques. What are the essentials for giving satisfactory light- 
ning protection to electrical machinery? 


Ans. They are as follows: 
1. A lightning arrester should be selected that will impress the lowest 


voltage, for the shortest time on the insulation during lightning disturb- 
ances. 
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2. The lightning arresters should be placed as close to the electric 
machinery it is protecting as possible. Ifit be placed too far away, the ar- 
rester will be unable to protect, or will give less protection than it would 
if it were right adjacent to the apparatus it is protecting. 

3. The ground resistance must be as low as possible. No arrester can 
be effective with a high ground resistance. 

4. The arrester should be selected for the proper voltage so that the 
rating of the arrester will not be exceeded under normal conditions due to 
regulation of the circuit, the use of induction regulators, delay in circuit 
breaker opening, etc. 
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Fic. 4,424.—Method of grounding for pole type lightning arresters protecting distribution 
transformers. Under average soil conditions this method should provide a resistance of 
15 ohms or less, which if maintained, will be adequate for the pole type arresters. A single 
driven pipe, if liberally salted, will frequently give a suitably low resistance value for ar- 
resters on the customary 2300-4090 volt class of distribution circuits, particularly in regions 
of large arrester density. A ground resistance much above 15 ohms becornes questionable 
particularly in sections where the transformer density is a minimum; that is, where the 
number of discharge paths in parallel would be a minimum, thus requiring the total energy 
induced on the circuit over a considerable area or length of line to be discharged through 
but one or two arrester installations. In other words, the minimum ground resistance is 
desirable in areas of minimum installation density. 
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Ques. What means are available to determine which 
arrester gives the best protection? 


Ans. Itis possible, in a laboratory, by means of a lightning 
generator and a cathode ray oscillograph, to see the path of the 
discharge through the lightning arrester, what voltage the 
lightning arrester allows the circuit voltage to go to, and how 
long this high voltage is impressed on the insulation of the elec- 
trical machinery being protected. 
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lic. 4,425.—Pipe ground element. Drive one inch iron pipes to the permanent moisture 
level and then salt the ground around the pipes to a depth of several feet. The number 
of arrester grounds depends upon the character of the soil and the size of the arrester in- 
stallation. For the average power or lighting station, the installation of four such ground 
pipe arrangements as here described should be sufficient. These should be located near 
each outside wall of the station and bussed solidly together. One of these groups should 
be installed at a point nearest the arrester, or a fifth put in at such a point. It is advisable 
to connect these earth pipes to the iron framework of the station, and also to any water 
mains, metal flumes, or trolley railsthat are available. In no case should there be less thar 
two pipe grounds installed, and where accurate records are to be kept of ground resistance, at 
Jeast three such pipe grounds should be made, with the individual pipes six feet or more apart, 


Ques. Is this the only requirement for a good arrester? 


Ans. No, it is also necessary to have an arrester rugged 
enough to withstand unusual conditions. 


\ per 
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Grounded and Ungrounded Neutral Circuits.—It is import- 
ant to avoid the mistake of using an arrester for a thoroughly 
grounded neutral, when the neutral is only partially grounded, 
that is, grounded through an appreciable resistance. Careful 
consideration of this condition will make the above statement 
clear. 

In an arrester for a grounded neutral circuit, each leg of the 
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r1G. 4,426.— The system of multiple driven pipes for grounding arresters used to protect 
transmission line apparatus. The ground pipes are driven close against the arrester founda- 
tion, the latter affording mechanical protection against broken connection to pipes. All 
of the copper connecting bus and actual connections to the pipes are above the surface of 
the ground, promoting ease of inspection and testing. The number of pipes to be used 
depends upon the soil texture and resistivity, but under good soil conditions three or four 
driven pipes well treated with salt will be satisfactory, while in many cases the soil con- 
ditions will require eight or ten pipes which may be installed as shown and spaced not less 
than 6 feet on all sides of the arrester foundation. A good value of resistance for arresters 
protecting station and substation apparatus will not be over 5 ohms, and in the case of 
the larger and more important arrester installation even lower values of ground resistance 
should be attained. 
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arrester normally receives the neutral pressure when the arrester 
discharges, but if a phase become accidentally grounded, the line 
voltage is thrown across each of the other legs until the circuit 
breaker opens the circuit. 


The line voltage is 73% greater than the voltage to neutral or normal 
operating voltage. This means that when a grounded phase occurs, this 
73% over voltage is short circuited through the arrester until the circuit 
breaker opens. 


Fics. 4,427 to 4,431.—General Electric pipe ground connections. 


The amount of energy to be dissipated in the arrester de- 
pends upon the kilowatt capacity of the generator, the internal 
resistance of the arrester and the time required to operate the cir- 
cuit breaker. 


It is evident that the greater the amount of resistance in the neutral, the 
longer will be the time required for the circuit breaker to operate. There- 
fore, in cases where the earthing resistance in the neutral is great enough 
to prevent the automatic circuit breaker opening practically instantane- 
ously, an arrester for a non-grounded neutral system should be installed. 
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Ground Connections.—In all lightning arrester installations, 
it is very important to make proper ground connections, as 
many lightning arrester troubles can be traced to bad grounds. 


It was formerly considered best to ground a lightning arrester by means 
of a large metal plate buried in a bed of charcoal at a depth of 6 to & ft. in 
the earth. 


A more satisfactory method of making a ground is to drive 
a number of 1 in. galvanized iron pipes or copper welded rods 
down to permanent moisture surrounding the station, connect- 





Fics. 4,432 and 4,433.—General Electric line connectors. Fig. 4,432, attached to line; fig. 
4,433, attached to pole. Line connectors are supplied with all lightning arresters above 
85,000 volts. These connectors are provided with soldered in cable and also set screws for 
holding cable in the connector. To operate, insert the switch hook in the eye of the con- 
nector and turn to le.t until the connectors then may be placed on the line and released 
from the switch hook by a right hand screw action. The reverse operation will detach 
the connector from the line and securely lock it to the switch hook. Attacl ing connector 
to arrester frame will then ground line side of gap. Short circuiting the Lemisphere gap 
will discharge the arrester to ground. 


ing all these pipes together by means of a heavy copper wire or 
preferably by a copper strap. 


If good grounding conditions be not obtained in this way, a quantity of 
salt should be placed around each pipe at the surface of the ground and the 
ground should be thoroughly moistened from time to time with water. 


It is also advisable to connect these pipes to the iron framework of the 
station and also to any water mains, metal flumes or other heavy metal 
systems which are available. 





The following suggestions are 
made for the usual size of station: 


1. Place three pipes equally spaced 
near each outside wall, making 12 all to- 
gether, and place 3 extra pipes spaced 
about 6 ft. apart at a point nearest the 
arrester; 


2. Where plates are placed in streams 
of running water, they should be buried 
in the mud along the bank in preference 
to being laid in the stream; 


3. Streams with rocky bottoms are to 
be avoided; 


4. Whenever plates are placed at any 
distance from the arrester, it is necessary 
also to drive a pipe into the earth di- 
rectly beneath the arrester, thus making 
the ground connection as short as pos- 
sible. Earth plates at a distance cannot 
be depended upon. Long ground wires 
from the station cannot be depended 
upon unless a lead is carried to the paral- 
lel grounding pipe installed as described 
above; 


5. As it is advisable occasionally to 
examine the underground connections to 
see that they be in proper condition, it 
is well to keep on file exact plans of the 
location of ground plates, ground wires 
and pipes with a brief description so that 
the data can be'readily referred to; 


Fic. 4,434.—Steel cap for driving pipe. This prevents battering the end. The shank A, is 
made to fit closely the inside of the pipe to be driven and should extend into the pipe about 
бог8 іпѕ. The topend of the pipe fits into the groove B, of the cap, the groove being slightly 
wider than the thickness of the wall of the pipe and about J4 in. deep. A great many pipes 
may be driven before the cap will need to be renewed. A pipe may be driven with either 
square or flattened end to penetrate the soil, and there is not generally sufficient advantage 
with the flattened end to warrant the labor expended in the flattening operation. So called 
ground points may be purchased trom electric power equipment dealers the points are 
hardened and have a shank that fits inside the pipe. These simplify driving somewhat, 
but not generally in sufficient degree to warrant their cost. 
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6. From time to time the resistance of these ground connections should 
be measured to determine their condition. The resistance of a single pipe 
ground in good condition has an average value of about 15 ohms. A simple 
and satisfactory method of keeping an account of the state of the 
earth conditions is to divide the grounding pipes into two groups, and 
connect each group to the 110 volt lighting circuit with an ammeter in series. 


Horn Gap Arresters. A horn gap arrester consists essentially 
of two horn shaped terminals forming an air gap of variable 
length; one horn being connected to the line to be protected and the 


other lo the ground usually through series resistance as shown in 
fig. 4,437. 


HORNS 


LINE 


SERIES 





INSULATORS. RES!STANCE 


Fic. 4,437.—Horn gap arrester, diagram showing arrester and connections between line and 
ground. The horn type arrester was invented by Oelschlaeger for the Allgemeine Elec- 
tricitaets Gesellschaft, and like. the Thomson arc circuit arrester, its operation is based 
on the fact that a shorl circuit once started: at the base, the heat generated by the arc will cause 
il io travel upward until tl becomes so attenuated that it is ruptured. On circuits of high voltage 
this rupture sometimes takes a second or two, but seems to act with little disturbance of 
the line. Sometimes a water resistance is used, a choke coil being inserted in the circuit 
in series. In one installation for a 40,000 volt line, the horns were made of No. 0,000 
copper wire with gap knees 2 to 3 or 34% inches. The capacity of the water resistance 
receptacle was 15 gallons. Users differ as to whether the water should contain salt. The 
choke coil can be made of about 18 turns of iron wire wound on a 6 inch cylinder. 


In operation, the arc due to the line current which follows a 
discharge, rises between the diverging horn and becoming 
more and more attenuated is finally extinguished. Horn 
arresters should be used to protect the series rectifiers and mov- 
ing coil transformers used in series lighting. ‘They should also 
be used at the junction of cable and overhead series circuits. 

A typical horn gap arrester is shown in fig. 4,438. 
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Electrolytic Arresters.—Arresters of this class are sometimes 
called aluminum arresters because of the property of aluminum, 
on which their action depends; that is, it depends on the phe- 
nomenon that a non-conducting film is formed on the surface of 
aluminum when immersed in certain electrolytes. 

If however, the film be exposed to a higher pressure, it may be 
punctured by many minute holes; thus so reducing tts resistance 
thai a large current may pass. When the pressure is again re- 
duced the holes become resealed and the film again effective. 





Fic. 4,438.—General Electric horn gap arrester for outdoor service. Zé consists of a horn 
gap, with the resistance units enclosed in porcelain tubes. These arresters are designed 
to be mounted on the top of the poles and above the wires to keep the arcs on the horn 
gaps from reaching the line wires. They are built in single pole units only. 


In construction, the aluminum arrester consists essentially of a system 
of nested aluminum cone shaped trays, supported on porcelain and secured 
in frames of treated wood, arranged in a steel tank, as shownin fig. 4,439. 


The system of trays is connected between the line and ground, and be- 
tween line and line, a horn gap being inserted in the arrester circuit which 
prevents the arrester being subjected to the line voltage except when in 
action. 


The electrolyte is poured into the cones and partly fills the space be- 
tween the adjacent ones. The stack of cones with the electrolyte between 
them is then immersed in a tank of oil. The electrolyte between adjacent 
cones forms an insulation. The oil improves this insulation and prevents 
the evaporation of the solution. 
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A cylinder of insulating material concentric with the cone stack is placed 
between the latter and the steel tank, the object being to improve the 
circulation of the oil and increase the insulation between the tank and the 

, cone stack. The arrester, as just described consists of a number of cells 


connected in series. 


Electrolytic arresters, although many are stillin use, are now 
fast becoming obsolete being superseded by the oxide film 


station type. 
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Fic. 4,439.—General Electric (aluminum) electrolytic arrester. This type is practically 


obsolete. 


Vacuum Tube Arresters.—The design of arresters of this 

type is such as to give essentially a gap in a vacuum, the con- 
struction being shown in fig. 4,440. The gap is formed between 

the inner wall of a drawn metal shell and a disc electrode 


mounted concentric with it. 
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The electrode is supported on a brass rod, which serves as a support as 
well as connection and has ample current carrying capacity. The elec- 
trode system is insulated from the tube and is rigidly supported in position 
by a bushing made of a special, accurately moulded, vitreous material which 
is unusually strong and able to withstand sudden changes of temperature. 
The bushing does not form the vacuum seal, however, that being made by a 
compound especially developed for the work. The open end of the tube 
is finally closed by a porcelain bushing held in place by spinning. 

The tube is exhausted in a machine which solders a small hole in the end 
after the vacuum has been established. 

The possibility of solder entering the active part of the vacuum space is 
prevented by a diaphragm punching. Both the electrode and the lining of 
the tube are made of brass. The arrester has a spark voltage of from 300 
to 500 volts, direct current. Arresters of this type are used on railway 
signal circuits. 


ELECTRODE 
COPPER TUBE / -ARGING SLEEVE COMPOUND 








‘SEAL | M VACUUM SPECIA 
\DIAPHRAGM PUNCHING 

Fic. 4,440.—Sectional view of vacuum tube arrester for railway signal circuits. This arrester 

has a spark pressure of from 350 to 500 volts d.c. and an equivalent needle gap of about 


.005 inch. The arrester will not stand a continuous flow of current due to excessive heating, 
hence if there be a possibility of this due to high pressure crosses, fuses should be used. 


BUSHING 


Effective protection against lightning requires the installa- 
tion of arresters having a low spark voltage, that is, the quality 
of discharging at low rises in voltage, and a high discharge rate, 
or the ability to discharge quickly a large quantity of lightning. 


To meet the requirements of low spark voltage, in arresters for circuits 
of such low voltages, a small gap is necessary, but in order to avoid short 
circuits, a large gap is advisable. These opposing requirements are met 
by using a relatively large gap in a vacuum, because such a gap is equiva- 
lent in spark voltage to a very much smaller one in air. To obtain the 
same spark voltage in air a gap must be made so small that it becomes 
readily affected by dust, and its worth is thereby impaired. 
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In designing lightning arresters, great attention is usually 
paid to low spark voltage, but another fundamental principle, 
namely a high discharge rate is often neglected. 


To be effective an arrester must not only discharge at small rises in volt- 
age, but it must discharge quickly a large quantiiy of lightning in order 
that the apparatus may be immediately relieved of the lightning voltage. 


An arrester may have both a low spark voltage, and a high discharge 
rate and yet a third fundamental principle of low maintenance may not 
be met. Low maintenance does not permit the arresters to be fragile, either 
in handling or service. As the vacuum tube arresters are of strong con- 
struction throughout, rough treatment does not affect them. Low main- 





¥ic. 4,441.—-General Electric 400 ampere. 25,000 volt inverted choke coil. 


tenance requires the life of the tube to be long so that replacements are a 
minimum. This means the arrester must be so constructed that the vacuum 
is always retained and the current carrying parts are not affected by severe 
lightning discharges. 


The vacuum tube arrester will not stand a continuous flow of current 
as excessive heating resulting will soften the sealing compound. If there be 
a possibility of the circuit crossing up with one of higher LES. fuses 
should be put in series with the arrester. 


Choke Coils.—A lightning discharge is of an oscillatory 
character and possesses the property of self induction, accordingly 
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The type of choke coils must be influenced by the condition of insulation 
in the transformers as well as by the cost, pressure regulation and the 
nature of the lightning protection required. 


Qués. What is the primary object of a choke coil? 


Ans. To hold back the lightning disturbance from the 
apparatus during discharge so as to permit the lightning arrester 
to function properly. If there be no arrester, the choke coil 
cannot add any protection. Accordingly, a choke coil should 
only be considered as an auxiliary. to an arrester. 


Ques. What is the principal electrical condition to be 
avoided with a choke coil? $ 

Ans. Resonance. For this reason choke coils should not be 
used in connection with cable circuits over 5% mile in length. 

Ques. If a choke coil be not used, what is the effect? 


Ans. The end tuins of a transformer must stand the extra 
voltage until the lightning arrester can perform. The choke 
coils therefore, help to protect the end turn of the transformer 
or other electrical machinery being protected. 


TEST QUESTIONS 


1. What is a lightning arrester? 
2. How does lightning affect electrical circuits? 
3, Are lightning arresters intended to take care of direct 


strokes? 


4. Upon what does the magnitude of the voltage induced 
on a line when a cloud discharges, depend? 


5. What is the nature of a lightning discharge? 


со 


10. 
Ig 
12: 


13. 
14. 
15; 
16. 


17. 


18. 
15: 


20. 


21 


22 


23. 


24. 
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. Give definitions of technical terms relating to lightning 


arresters. 


. Give classification of lightning arresters. 
. What is the difference between an arc and a spark? 
. What is the difference between an arrester for a 


grounded Y and non-grounded neutral system? 

Describe a valve type arrester. 

What is the follow type arrester? 

Upon what does the protective ability of a lightning 
arrester depend? 

What are air gap arresters? 

Give the operating cycte of a lightning arrester. 

What is a pellet arrester? 

Describe the construction of a compression chamber 
arrester, 

For what service are compression chamber arresters 
used? 

Of what does an oxide film arrester consist? 

Can oxide film lightning arresters be operated at a low 
voltage temporarily and later at a high voltage? 
Describe the operations necessary in putting oxide 

film arresters in commission. 
When is the pellet type of arrester used and when is 
the oxide film type used? 

What are the essentials for giving satisfactory light- 
ning protection to electrical machinery? | 
Give the method of grounding for pole type lightning 

arresters protecting distribution transformers. 
What means are avaitable to determine which arrester 
gives the best protection? 


AN 
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25: 


26. 
27: 
28. 
29; 
30. 
3r: 


32. 


Describe the requirements for grounded and un- 
grounded neutral circuits. 


How should grounded connections be made? 
Describe the horn gap arrester. 

What is the construction of an electrolytic arrester? 
What are vacuum tube arresters? 

What is a choke coil used for? 


What is the principal electrical condition to be avoided 
with a choke coil? 


If a choke coil be not used, what is the effect? 
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CHAPTER 82 


A. C. Ammeters and 
Volt Meters 


.Alternating current ammeters or volt meters indicate the 
virtual values of the current or pressure respectively, that is to 
say, they indicate, the square root of the mean square of a variable 
quantity, | 

The virtual value of an alternating current or pressure is 
equivalent to that of a direct current or pressure which would pro- 
duce the same effect. 

MAXIMUM VALUE 





VIRTUAL VALUE 


Fic. 4,443.—Sine curve of alternating current, illustrating various current or pressure values. 
The virtual value, or .707 Xmaximum value, is the value indicated by an ammeter or volt 
meter. Thus, if the maximum value of the current be 100 volts, the virtual value as indi- 
cated by an ammeter is 100 X.707 =70.7 amperes. 
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For instance an alternating current of 10 virtual amperes will produce 
the same heating effect as 10 amperes direct current. 


The relation of the virtual value of an alternating current to 
the other values is shown in fig. 4,443. When the current fol- 
lows the sine law, the square root of the mean square, value of 
the sine functions is obtained by multiplying their maximum 
value by 14 V2, or 707. 

The word effective is commonly used erroneously for virtual 
even among the best writers and the practice cannot be too 
strongly condemned*.t The difference between the two is 
illustrated on page 1,390, fig. 1,957, the mechanical analogy 
here given may make the distinction more marked. : 


In the operation of a steam engine, there are two pressures acting on 
the piston: 


1. The forward pressure; 


2. The back pressure. 

The forward pressure on one side of the piston is that due to the live 
steam from the boiler, and the back pressure, on the other side, that 
which exists during the pre-release, release and pre-admission periods. 


In order that the engine may run and do external work, it is evident 
that the average forward pressure must be greater than the average back 
pressure, and it follows that the pressure available to run the engine is the 


*NOTE.—I adhere to the term virtual, as it was in use before the term efficace which was 
recommended in 1889 by the Paris Congress to denote the square root of mean square value. 
The corresponding English adjective is efficacious, but some engineers mistranslate it with 
the word effective. I adhere to the term virtual mainly because effective is required in its 
usual meaning in kinematics to represent the resolved part of a force which acts obliquely to 
the line of motion, the effective force being the whole force multiplied by the cosine of the, 
angle at which is acts with respect to the direction of motion.—C. P. Thompson 


1NOTE.—The author adheres to the term virtual! because in mechanics the adjective ef- 
fective is used to denote the difference of two opposing forces; for instance, at any instant 
in the operation of a steam engine, efective pressure =average forward pressure —average back 
pressure, hence, to be consistent in nomenclature, the term effective cannot be used foi the 
forward or virtual pressure, that is, the pressure impressed on an electric circuit. 
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difference between these two pressures, this pressure difference being known 
as the effective pressure, that is to say 


effective pressure = average forward pressure — average back pressure 


Thus, electrically speaking, the effective voltage is that voltage which 
is available for driving electricity around the circuit, that is, 


effective volis =virtual volts — back volis 
=virtual pressure — (virtual pressure —drop) 


In the case of the steam engine, the forward pressure absolute, that 
18, measured from a perfect vacuurn is the virtual pressure (not consider- 


ABSOLUTE PRESSURE 





У У 


Fies. 4,444 and 4,445.—Steam engine indicator cards illustrating by mechanical analogy, the 
misuse of the term effective as applied to the pressure of an alternating current. The 
card fig. 4,444, represents the performance of a steam engine taking steam at 60 Ibs. (gauge) 
pressure and exhausting into the atmosphere. The exhaust line being above the atmos- 
pheric line shows that the friction encountered by the steam in flowing through the exhaust 
pipe produces a back pressure of two lbs. Hence at the instant represented by the ordinate 
y, the effective pressure is 60 —2 =58 lbs., or using absolute pressures, 74.7 —16.7 =58 
lbs., the virtual pressure being 60 lbs. gauge, or 74.7 Ibs. absolute. Now, the back pres- 
sure may be considerably reduced by exhausting into a condenser as represented by the 
card, fig. 4,445. Here, most of the pressure of the atmosphere is removed from the ex- 
haust, and at the instant y, the back pressure is only 6 lbs., and the effective pressure 74.7 — 
6 =68.7 lbs. Thus, in the two cases for the same virtual pressure of 60 lbs. gauge or 
74.7 \bs. absolute, the effective pressures are 58 lbs. and 68.7 lbs. respectively. 


ing the source). The back pressure may vary widely for different con- 
ditions of operation as illustrated in figs. 4,444 and 4,445. 


In the measurement of alternating current, it is not the aver- 
age, or maximum value of the current wave that defines the 
current commercially, but the square root of the mean square 
value, because this gives the equivalent heating effect referred 
to direct current. There are several types of instrument for 
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measuring alternating current, and they may be classified as 


1. Electro-magnetic (moving iron); 3. Induction; 
2. Hot wire; ` 4. Dynamometer. 


Electro- magnetic or Moving Iron Instruments.— This type 
of instrument depends for its action upon the pull of flux in 
endeavoring to reduce the reluctance of its path. This pull 
is proportional to the product of the flux and the current, and 








Fic. 4,446.—A calibrated scale. This means that printed scales are not employed, but each 
instrument has its scale divisions plotted by actual comparison with standards, after which 
the division lines are inked in by a draughtsman. There are makes of direct current in- 
struments employing printed scales in which the scale deflections are fairly accurate, even 
though the scales are printed, but printed scales should not be used on alternating current 
instruments. 


so long as no part of the magnetic circuit becomes saturated, 
the flux is proportional to the current, hence the pull is pro- 
portional to the square of the current to be measured. 


NOTE.— One of the earliest difficulties in connection with the introduction of the alter- 
nating current system was the lack of suitable measuring instruments. The early attempts 
to develop a.c. instruments resulted in very crude instruments which did not Compare favor- 
ably with the d.c. instruments of that period. Some of the old instruments may be remem. 
bered by pioneers of the industry. 
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An objection to the moving iron type instruments is that 
they are not independent of the frequency, wave form, or tem- 
perature and external magnetic fields may affect the readings 
temporarily. 

There are several forms of moving iron ammeters, which may 
be classified as: 


T GENERAL ELECTRIC COMPANY | 
а ECTAOY, hs. Y,U.S. ^: 


SCHENECTAUO 


al 





Fic. 4,447.—General Electric horizontal edgewise type ammeter. 


]. Plunger; 
2. Inclined coil; 
3. Magnetic vane. 


Plunger Type.—This form of electro-magnetic or moving 
iron instrument consists of a series coil and a soft iron plunger 
forming a solenoid, the plunger is so suspended that the mag- 
netic pull due to the current flowing through the ceil is balanced 
by gravity, as shown in fig. 4,448. 
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Inorder to adapt 
the instrument to 
alternating current 
the plunger should 
‘be laminated to 
avoid eddy cur- 
rents. 


The scale is not 
uniform and should 
be hand made and 
calibrated under 
the conditions for 
which it is to be 
used. 


An objection to 
the plunger type 
ammeter is that 
they are large and 
expensive because 
the coil carries all 
the current. Inin- 
stalling a plunger 





LINE LINE 


Fic. 4,448.—Plunger form of electro-magnetic or moving iron type af ammeter. 


ammeter, the instrument should be carefully leveled, because gravity is 
the controlling force. 


Inclined Coil Type.—This form of electro-magnetic or moving 
iron instrument consists of a coil mounted at an angle to a 
shaft carrying a vane and pointer, as shown in fig. 4,449. A 


NOTE.—The early volt meter had a lever, on one end of which was a weight, adjustable 
by the number of shot in a brass cylinder, and on the other end, was an iron wire plunger 
which extended into a solenoid. Incandescent lamps were used as resistance in series with 
the solenoid. When the applied voltage was at a normal value, the pull of the solenoid was 
just sufficient to cause the pointer attached to the lever to point vertically. There were no 
graduations on the scale. This volt meter was soon superseded by one in which German 
silver resistance replaced the lamps. The needle of the early ammeter traversed a circular 
dial under the action of a plunger in the solenoid which carried the main current. In the 
latter form, the mechanism was simpler, and the deflection was indicated on a scale near the 
bottom of the instrument. ý 
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spring forms the controlling force 
and holds the pointer at zero 
when no current is flowing. 


Fic, 4,449.—Inclined coil form of electro-magnetic or moving iron instrument, 


Fic. 4,450.—Kelvin solenoid principle. 
This utilizes the attracting or ‘‘suck- 
ing” effect of an energized solenoid to 
pull an iron core, attached to a suit- 
ably pivoted poirier, and produce di- | 
rect deflection over a calibrated 
scale. In construction S, is the 
winding of the main solenoid, wound 
around the iron plunger P, which 
moves in a glass tube containing oil 
to damp the motion. The bearings 
B, are rigidly attached to the base 
casting. The pointer I, is attached to 
a steel knife edge. which rests in the 
V shaped highly polished bearings B. 
Also attached to the pointer and knife 
edge is the circle segment G, witha 
groove in its circumference, in which 
runs the fine silk thread T, connect- 
ing the plunger to the movement. In 
operation, as soon as current flows 
through the solenoid S, it exerts a 
downward pulling effect on the 
plunger, which, in turn, pulls on the 
segment G, and produces a move- 
ment of the pointer. The knife edge 
bearings simply rock as the pointer 
moves, thus procucing an inexpen- 
sive frictionless bearing without re- 
sorting to the use of pivots and jew- 
els. The counterweights C and C’, 
oppose this motion; therefore by suit- 
ably marking the scale, the deflection 
becomes a measure of the current. 
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In operation, when a current is passed through the coil, the iron tends 
to take up a position with its longest sides parallel to the lines of force, 
which results in the shaft being rotated and the painter moved on the 
dial, the amount of movement depending upon the strength of the current 
in the coil. 


Magnetic Vane Type.—This form of electro-magnetic or 
moving iron instrument consists of a small piece of soft iron or 
vane mounted on a skaft that is pivoted a little off the center of 






CONTROL 
“SPRING 





Fic. 4,451.—Magnetic vane form of electro-magnetic or moving iron instrument. 


a coil as shown in fig. 4,451, and carrying a pointer which moves 
over a scale. 

In operation, a piece of soft iron placed in a magnetic field 
and free to move, will move into such position as to conduct the 
maximum number of lines of force. 


The current to be measured is passed around the coil, producing a mag- 
netic field through the center of the coil. The magnetic field inside the 
coil is strongest near the inner edge, hence, the vane will move against 
the restraining force of a spring so that the distance between it and the 
inner edge of the coil will be as small as possible. 
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The operation of moving iron instruments of the plunger type may be 
explained by saying that the current flowing in the coil produces a pole 
at its end and induces an unlike pole at the end of the plunger nearest 
the coil, thus attracting the plunger, as illustrated in fig. 4,460. 


Hot Wire Instruments.—Ammeters and volt meters of this 
class depend for their operation on the expansion and contrac- 
tion of a fine wire carrying either the current to be measured 





F165. 4,452 to 4,457 .—Principle of moving iron repulsion instruments. If direct current be sent 
through the two small pieces of iron suspended vertically within a solenoid by thread as in 
fig. 4,452, they will become magnetized and since they are in the same magnetic field both wilt 
be affected the same, and will repel each other asin fig. 4,453. If the current be sent through 
the solenoid in the opposite direction the result will be the same. Next if the coil be laid 
on its side and the two pieces of iron be placed within it horizontally as in fig. 4,455, one 
fixed and the other free to move and a current be passed through the solenofds the two 
pieces of iron will repel each other. If an a. c. be used instead of d. c, and it reverse with 
sufficient frequency, the polarity of the two pieces of iron will reverse in step with the cur- 
rent and they will repel each other as before. Hence on employing this principle in instru- 
ment construction two curved pieces of iron are used, one fixed and the other pivoted so 
that it will rotate when electrically repelled from the fixed iron as in fig. 4,457. A pointer 
attached to the movable iron moves over a graduated scale. 
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Fic. 4,458.—Jewell moving element of repulsion iron vane type instrument. Ft consists of 
an aluminum shaft to which is attached the iron vane, the balance cross, the pointer and the 
sprirg clip. The 7 in. instrument moving element can he seen to consist of an aluminum 
shaft with a shoulder swaged on its upper end, on which rests the fan support, the balance 
cross and spring clip, the pointer being attached to the forward end of the balance cross. 
The iron vane with its support is riveted to the shaft with a tiny rivet, which makes it a 
permanent assembly. 
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Fic. 4,459.—Jewell repulsion iron vane type instrument. The Principle of operation is the 
repulsion between fwo iron vanes which are magnetized by dhe surrounding coil. 
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The expansion or contraction of the wire is caused by tem- 
perature changes, which in turn are due to the heating effect 
of the current flowing through the wire. 

Since the variations in the length of the wire are extremely 
small, considerable magnification is necessary.  Pulleys or 
levers are sometimes used to multiply the motion, and some- 
times the arrangement shown in fig. 4,461. 





Fic. 4,460.—Solenoid and plunger illustrating the operation of moving tron instruments. 
When a current flows through the coil, a field is set up as indicated by the dotted lines of 
force. The current flowing in the direction indicated by the arrow induces a north pole 
at N, which in turn induces a south pole in the plunger at S, thus attracting the plunger. 
The effect of the field upon the plunger may also ће stated by saying that if tends to 
cause the plunger to move in a direction so as to conduct the maximum number of lines of force, 
that is, foward the solenoid. Thus if ABCD, be the initial position of the plunger only five 
lines of force pass through it; should it move to the position A’B’C’D’, the number of lines 
passing through it will then be 9, assuming the field to remain unchanged. 


As here shown A, is the active wire carrying the current to be measured 
and stretched between the terminals T and T’. It is pulled taut at its 
middle point by another wire C, which carries no current, and is in its 
turn, kept tight by a thread passing round the pulley D, attached to the 
pointer spindle, the whole system being kept in tension by the spring E. 


Hot wire instruments are equally accurate with alternating or direct 
current, but have cramped scales (since the deflection is proportional to 
the square of the current), and are liable to creep owing to unequal 
expansion of the parts. There is also the danger that they may be burnt 
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out with even comparatively small overloads. They are not affected by 
magnetic fields but consume more current than the other types, these 
readings are inaccurate near either end of the scale. 





M 
Fic. 4,461.—Diagram illustrating the principle of hot wire instruments. "The essential parts 
are the active wire A, stretched between terminals IT and T", tension wire C, spring E, and 
pulley D, to which is attached the pointer. 
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Fics. 4,462 and 4,463.—Plan and elevation of 
shielded pole type of induction instrument, 


A. C. Ammeters and Volt Meters 2,571 





Induction Insttuments.— These were invented by Ferraris, 
and are sometimes called after him. They are for alternating 
current only, and there are two forms: 

1. Shielded pole type; 
2. Rotary field type. 










Shielded Pole Type.—This form 
of induction instrument, as shown 
in figs. 4,462, and 4,463 con- 
sists, essentially, of a disc 


SCALE 
у" ү 
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Fic. 4,464.—Diagram of Hoskins modified induction type instrument in which the torque is 
produced from the direct repulsion between a primary and a secondary, or induced current. 
As shown, the instrument embodies the principle of a short circuited transformer, consisting 
of a primary or exciting coil A, a secondary or closed coil B, linked in inductive relation to the 
primary by a laminated iron core C, constructed to give a completely closed magnetic circuit, 
thatis, without air gap. Thesecondary is so mounted with respect to the primary asto have 
a movement under the influence of their mutual repulsion when the primary is traversed by an 
alternating current. This movement of the secondary B, is opposed by a spiral spring, so 
that the extent of movement will be dependent upon and will indicate the strength of the 
primary current. Toincrease the sensitiveness of the instrument and also to adjust the con- 
tour of the scale, an adjustable secondary D, which has an attraction effect upon the coil B, is 
provided upon tne core. The effect of this coil is inversely proportional tp its distance from 
theend of theswingofthecoil B. The vane, E, whichisa part of the stamping B, is adjusted 
to swing freely and with a large amount of clearance, between the poles of a permanent mage 
net F, which acts as a damper on the oscillation of the moving element, but does not cause 
any friction or affect the accuracy of the calibration. The primary, like that of a transformer, 
is an independent electrical circuit and mav be highly insulated. 
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А, or sometimes a drum and a laminated magnet B. Covering 
some two-thirds of the pole faces are two copper plates or 
shields C, and a permanent magnet D. 
In operation eddy currents are induced in the two copper plates or 
shields C, which attract those in the disc, producing in consequence a 


torque in the direction shown by the arrow, against the opposing action 
of a spring. Magnet D, damps the oscillations. 





Fic. 4,465.—Jewell master current transformer. It har been designed to fill the requirements 
of current measurement up to 100 amperes jn connection with a 5 ampere instrument. It 
is rated at 10 volt amperes and this rating permits the use of a watt meter and ammeter 
of maximum accuracy in series. 


Rotary Field Type.—The parts of this form of induction in- 
strument are arranged similar to those of watt meters, the 


` ¿necessary split phase being produced by dividing the current 


into two circuits, one inductive and the other non-inductive, 
or a definite proportion of that current. 


` 
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Current and Potential Transformers.— Where switchboard 
instruments are to be used on currents higher than the listed 
internal or self-contained values, or in any case where the volt- 
age is over 750 volts, it is universal practice to use transformers. 

Current transformers are supplied to reduce the line current 
by a definite ratio so that a 5 ampere instrument may be used. 
They also serve to insulate the instrument from the voltage 
of the line, and should always be selected so that their voltage 
rating covers the voltage on which they are to be used. 

Potential transformers are used to reduce the line voltage 
by a definite ratio so that the instruments having a nominal 
voltage range of 150 volts may be used. 





Fic. 4,466.—Jewell potential transformer. Rated at 25 volt amperes, and will amply take 
care of the load of several instruments. The relative polarity of the terminals is clearly 
marked so that watt meters and power factor meters can be connected up, knowing thay 
they will indicate correctly. 


In selecting current transformers the endeavor should be to make the 
primary rating equal as nearly as possible the full load current to be meas- 
ured. It is not good practice to use an instrument transformer with a 
range considerably higher than normal load, because the secondary cur- 
rent is then low and in the case of power factor meters and watt meters 
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the torque will be low and the ratio of transformation does not hold so 
well as at low values. 


Example.—A 100 h.p. 3 phase, 220 volt motor wil draw about 250 
amperes at full load. A 250 ampere transformer would be quite satis- 
factory for this application and would take care of occasional overloads 
with perfect satisfaction. 


Current transformers are universally designed for a secondary current 
of 5 amperes for the nominal primary current rating. Special trans- 
formers should be avoided wherever possible because they are expensive 
to design and build. 





Fiu. 4,467.—Jewell two wire current transformer. Rated capacities from 5 to 400 amperes 
inclusive, for a nominal secondary reading of 5 amperes and is rated at 15 volt amperes. 

. This type will function satisfactorily at any frequency from 25 ta 133 cycles and is insulated 
for 3,300 volts. 


Where overloads are expected and it is desired to read them on the in- 
strument, it is entirely in order to use a 6 or 7 ampere instrument to read 
that overload. For example, in the case cited above, instead of cali- 
brating the instrument to 5 amperes with a 250 ampere scale, it could be 
calibrated to 6 amperes with a 300 ampere scale. This is regular practice 
on many applications. Watt meters may also be calibrated on a basis of 
this sort, using a higher current for the nominal reading, thus making 
the watt range of the scale sufficiently -high to cover occasional overloads. 


к. кч 





~ 
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Current transformers have a nominal ratio as given in manufacturers’ 
listing. Ratio and phase angle curves are not regularly furnished, but are 
available when desired in the form of typical curves. Transformers run 
‘so nearly uniform that curves on specific units are rarely necessary and the 
typical curves will usually cover all requirements. 


Potential transformers are rated for a nominal secondary voltage of 110 
volts. That is, a 220 volt transformer has a secondary voltage of 110 
volts, and has a ratio of 2:1. Where the primary voltage is rated in terms 
of 115 volts, then the secondary is also 115 volts, so that an even ratio 
is always supplied. 


Often 2300/110 volt transformers are selected, which is in error; what 
is actually supplied by the manufacturer is a 2300/115 volt transformer, 
which is identical with a 200/100 volt transformer. 


TEST QUESTIONS 





1. What kind of values of the current or pressure do 
a.c. ammeters and volt meters indicate? 


2. What is the virtual value of an a.c. current or pres- 
sure? 


3. Describe a sine curve and indicate the various cur- 
rents or pressure values. 


4. Name several types of a.c. ammeters and volt 
meters. 


5. Describe the electro-magnetic or moving iron instru- 
ments. 


Name two forms of moving iron ammeters. 
Describe the plunger type. 

How does the inclined type work? 

Of what does a magnetic vane type consist? 
How does a magnetic vane instrument work? 


Describe the construction and operation of hot wire 
instruments. 


HOO MIA 
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12: 
15: 
14. 


15. 
16. 


175 


18. 
19: 
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Who invented the induction type instruments? 

Name two types of induction instruments. 

Of what does the shielded pole type induction instru- 
ment consist? 

Describe Hoskins’ modified induction instrument. 

How does the rotary field type of induction instru- 
ment work? 

What are current and potential transformers used 
for? | 

How should current transformers be selected? 

How are potential transformers rated? 
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CHAPTER 83 


Dynamometers 


A dynamometer is used /o measure volts, amperes, 0T walls, 
its operation depends on the reaction between iwo coils when 
the current to be measured is passed through them. One of the 
coils is fixed and the other movable. 

The fixed coil is composed of a number of turns of wire, 
and fastened to a vertical support and is surrounded by a 
movable coil composed of a few turns or often of only one turn 
of wire. 


The movable coii is suspended by a thread and a spiral spring attached 
to a tortion head which passes through the center of a dial. The ends 
of the movable coil dip into mercury cups, which act as pivots and elec- 
trical contacts, making connection with one end of the fixed coil and one 
terminal of the instrument as shown. 

The tortion head can be turned so as to piace the planes of the coils 
at right angles to each other and to apply tortion to the spring to oppose 
the deflection of the movable coil for this position when a current is passed 
through the coils. 

A pointer attached to the movable coil indicates its position on the 
graduated dial between the two stops. Another pointer attached to the 
tortion head performs a similar function. 


'In the operation of a dynamometer when current is passed 
through both coils, the movable coil is deflected against one of 
the stop pins; then the tortion head ts turned to oppose the movement 
until the deflection has been overcome and the coil brought back : 
to its original position. 
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-The angle through which the tortion head was turned, being propor- 
tional to the square root of the angle of tortion, the current strength in 
amperes is equal to the square root of the angle of tortion multiplied by 
a calculated constant, furnished by the maker of the instrument. 


When measuring watts, a dynamometer should be so ar- 
ranged that one coil carries the main current, and the other a 
small current which is proportional to the pressure. 





Frc. 4,468.— Diagram of Siemens’ dynamometer. It consists of two coils on a common axis 
but set in planes at right angles to each other in such a way that a torque is produced be- 
tween the two coils which measures the product of their currents. This torque is measured 
by twisting a spiral spring through a measured angle of such degree that the coils shall 
resume their original relative positions. When constructed as a volt meter, both coils are 
wound with a large number of turns of fine wire, making the instrument sensitive to small 
currents. Then by connecting a high resistance in series with the instrument, it can be 
connected across the terminals of a Circuit whose voltage is to be measured. When con- 
structed asa watt meter, one coil is wound so as to carry the main current and the other 
made with many turns of fine wire of high resistance suitable for connecting across the 
circuit, 


Fic. 4,469.—Leeds and Northrup electro-dynamometer. It is a reliable instrument for the 
measurement of alternating currents of commercial frequencies. 


Dynamometers 2,579 


i 


No iron or other magnetic material should be used in the construction 
of a dynamometer because of the hysteresis losses occasioned thereby. The 
frame should be of non-conducting material so as to avoid eddy currents. 


For the precision measurement of alternating current and voltage, and 
for the measurement of watts and other relations between two quantities 
the dynamometer type of movement is necessary. 


The essential parts of a dynamometer movement are the fixed coils 
and their supports, the moving element and the damping means which - 
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Fic. 4,470.—Dynamometer type ammeter. 1f the stationary and movable coils be connected 
in series and shunted, the instrument is an ammeter; if the two coils be in series and also 
in series with a high resistance multiplier, the instrument is a volt meter; and if the low re- 
sistance stationary coil be in the line in series and the motable coil be in series with a high 
resistance and t hen placed across the line, the instrument is a direct reading watt meter. The 
torque in any instrument: T =k¢I (motor action formula). If the two coils be in series, 
then the ¢ set up by the stationary coil is proportional to I, and the torque therefare is pro- 
portional to 1°. There ‘ore for ammeters and volt meters this instrument has a “squared 
scale." Such an instrument may be used on alternating current, because if the current 
change to negative, then ¢ is negative and I, is negative and the direction of the torque 
from the left hand rule for motor action, remains the same. The instrument may be made 
approximately dead beat by aluminum vanes which move in air compartments. As the 
needle moves, the vanes move in the compartment and the air moving from one side to 
the other of the vane slows down the motion so that the needle does not attempt to follow 
all the minute fluctuations of the current. In the diagram the stationary coil carries all 
the current and sets up the flux 4. The movable coil is shunted by the shunt as shown. 
The torque set up between the coils tends to twist the movable coil and needle to the right 
(clockwise looking cowh on the coil) and this motion is opposed by the two springs. 
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in general is similar to the fan used in the iron vane movement except that 
the fan is double and operates in a double air chamber. 





Fic. 4,471.—Hickok dynamometer movement for ammeters, volt meters and watt meters. 
It contains but two coils, a fixed field coil and a moving coil surrounding the field coil in 
such a manner that the resultant torque between the two coils is uniform throughout a 90° 
movement of the moving coil, which gives a uniform scale in the watt meters and a uni- 
formly increasing scale in the volt meters and ammeters. The frame work of the move- 
ment is cast in one piece from an insulating material and contains a semi-circular chamber 
in which moves an aluminum dampening vane which is attached to the moving coil making 
the instrument very “dead beat.” 


In the use of the electro-dynamometer principle for a basis 
of design for alternating current instruments, recourse was had 
to the simplest and most direct known manifestation of the 
presence of electrical currents by which these currents may be 
measured. In other words, the moving coil dynamometer 
principle of operation is the most direct method for measuring 
currents and their relations to one another and, at the same 
time, results in the best answer to the problem of producing 
instruments which would be of most general applicability and 
of ideal construction. 
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This principle of operation is used with only a slight modifica- 
tion for the production of volt meters, ammeters, single and 
polyphase watt meters, power factor meters and frequency 
meters. 


This is an ideal condition from both the manufacturing and 





Fic. 4,472.—]ewel dynamometer movement with Jeft half of magnetic shield removed. 


application points of view when practically one mechanism or 
movement can be developed and used for such a wide variety of 

purposes, and for all kinds of applications, throughout the vari- 

ous activities of industry, requiring measurements of electrical 

quantities. 


NOTE.—In dynamometer instrurments used for watt meters the stationary coils are 
wound for current, and the movable coils for voltage. The current is conducted to the moving 
coil through controlling springs. The pointer is assembled a few degrees ahead of the mov- 
ing coil, so as to give as unform scale divisions as is possible. The slight expansion of the 
scale near the center is an advantage, as it gives better indications at the more important 
working loads. 
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TEST QUESTIONS 


What is a dynamometer? 
Describe the fixed and movable coils. 
How is a movable coil suspended? 


What happens when current is passed through both 
coils? 


How is the current strength measured by a dyna- 
mometer ? 


How should the instrument be arranged when 
measuring watts? 


For what kind of measurement is the dynamometer 
movement especially.adapted? 


Describe Siemens’ dynamometer. 


Should magnetic material be used in the construction 
of a dynamometer? 
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CHAPTER 84 


A. C. Watt Hour Meters 


By definition, a watt hour meter is a watt meter that will 
regisier the watt hours expended during a period of time. 

Watt hour meters are often erroneously called recording or 
integrating wail meters. 

А watt hour meter consists essentially of: 1, a motor, the 
Speed of the rotating element of which is proportional to the 
power to be measured, and 2, a registering mechanism connected 
thereto by suitable gearing. 

There are several types of a.c. watt hour meter, which may 
be classified as = 


1. Induction type; 
2. Faraday disc type. 


Ques. What are the essential parts of a watt hour meter? 


Ans. A motor, generator, and counting mechanism. 


Ques. What is the function of the motor? 





NOTE.— Meter inaccuracy always means loss io the central station. If a meter run slow, 
it causes a direct loss of income, if it run fast, it will make a dissatisfied customer and result 
in loss of his good will and confidence, and in both cases it will cost money to readjust the 
Meter to accuracy and maintain it. It might be well to point out that the general tendency 
of meters is to run slow rather than fast, which is at variance with the opinion of the general 
public. 
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Ans. Since the motor runs at a speed proportional to the 
` energy passing through the circuit, it drives the counting mech- 
anism at the proper speed to indicate the amount of energy 
consumed. 


Ques. What is the object of the generator? 


Ans. It furnishes a suitable counter torque or load for the 
motor. 


Ques. Is there any other resistance to be overcome by the 
motor? 


Ans. It must overcome the friction of all the moving parts. 


Ques. Ts the friction constant? 
Ans. No. 


. Ques. What provision is made to correct the error due to 
friction? 


е 


Ans. The meter is corapensated by exciting an adjustable 
auxiliary field from the shunt or pressure circuit. 


Ques. What is the construction of the generator? 


Ans. In nearly all meters it consists of a copper or aluminum 
disc carried on the same shaft with the motor and rotated in 
a magnetic field of constant value. 


Ques. How is the counter torque produced? 


Ans. When the disc is rotated in the magnetic field, eddy 
currents are induced in the disc in a direction to oppose the 
motion which produces them. 
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Ques. What meter is chiefly used on a.c. circuits? 
Ans. The induction meter. 


How a Single Phase Induction Watt Hour Meter Works.— 
As is well known, the induction meter is simply a highly special- 
ized type of split phase induction motor driving an eddy cur- 








— 
F:6s. 4,473 to 4,475.—Disassembled view of electro-magnetic structure of Sangamo single phase, 
induction watt hour meter. 


rent generator, the parts being so proportioned and disposed. 
as to produce rotation at a speed in direct ratio to the power 
passing in the circuit; that is, each revolution corresponds to 
a definite quantity of electric energy which is totaled on a 
revolution counter, calibrated to read directly in energy units. 
Various makes of induction watt hour meters differ some- 
what as to arrangement and construction of the working parts, 
but the principles involved are practically the same in all. 
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The eddy current generated has a permanent magnet field 
and the motor an electro-magnetic field. 

There are three principal torques: 

1. The propelling torque of the motor element; 

2. The retarding torque of the generator; 

3. The retarding torque due to friction. 





Fic. 4,476.—Assembled view of electro-magnetic structure of Sangamo single phase watt hour 
meter. 


The torque of the motor element is always proportional to 
the true watts delivered to the load. 

The retarding torque of the generator varies directly with the 
speed of the disc. 

The retarding torque of friction is the same for all speeds 
(this will be understood readily by comparison with the well 
known Prony brake). 


The propelling torque for any speed is of course equal and opposite to 
the sum of the two retarding torques. 
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The motor element has two windings. 


One of them, known as the current coil, is connected in series with the 
load, and the other known as the voltage coil, is connected across the line 
and since it has a high impedance, carries a current proportional to the 
voltage of the circuit. 





Fic. 4,477.—Sangamo single phase inductive watt hour meter gríd. The main grid carries the 
moving system, the permanent magnets, the register and the adjustments. It is of cast 
iron, in one piece, and accurately machined so as to provide definite and permanent location 
for all the various parts that are attached thereto, and these in turn are located in definite 
position to the motor magnet system by the mounting of the grid upon three posts cast in 
the base. The base of the grid is solid, and taken together with the base of the meter proper, 
forms a practically continuous magnetic shield around the motor magnets, thus protecting 
the permanent magnets from any demagnetizing field that may be set up by short circuit 
currents through the series coils. The full load and light load adjustments are located at 
the bottom of the grid and are accessible from the front. In assembling, the permanent 
magnets go in first and are clamped down solid on the two brass posts pravided in. the grid 
near the tip of the shunt magnet; then the moving system with its bearings and finally the 
register are inserted. { 


The split phase effect is secured by winding the current coil 
with very few turns, so that it is virtually non-inductive, and 
by winding the voltage coil with a large number of turns and 
supplying it with a magnetic circuit of low reluctance, thus 
‘creating a circuit of high reactance. 
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As a result the current in the voltage coil is made to lag almost 90? 
t'ehind the impressed voltage. / 


The voltage coil with its core is referred to commonly as the “voltage 
electro-magnet" and the current coil with its core as the “current electro- 
magnet." 


In order to make the flux from the voltage electro-magnet lag exactly 
90? behind the flux from the current electro-magnet when the power 
factor of the load is 1.0, an inductive load adjustment plate is used, as 
will be explained later on. Reference to fig. 4,481 will show that these 
two fluxes are constantly changing in direction and magnitude, but that 
at all times the flux from the voltage electro-magnet lags exactly 90? 





TD 


Ес. 4,478. — Instrument shaft illustrating end play and side play. In the exaggerated view 
A, is the shaft with glasshard, pointed ends and sapphire jewels B ana B. The total dis- 
tance C+D, that the shaft can move from end to end is called the end play and the dis- 

- tance E, that the pivot can move from one side of the jewels to the other is called the side 
play. End play and side play are usually only a few thousandths of an inch and upon the 
correctness of this detail depends much of the success of the instrument. An important 
rule of instrument repairing is: never screw the jewel screws in until they clamp or pinch the 
moving element; even once may ruin the pivots. Correctly designed jewels and pivots, 
usually, require adjustment of only "side play" which is done as follows: Lay the instrument 
on its back and grasping the pointer gently but firmly with either tweezers or thumb and 
finger, wiggle it gently back and forth, meanwhile tightening the jewel screw with a screw 
driver a fraction of a turn at a time until it wiggles only a few thousandths of an inch (about 
the width of a paper) and then holding the driver firmly, but not pressing down, tighten 
the jewel lock nut with a suitable wrench. 


behind the flux from the current electro-magnet providing the power factor 
of the load is unity. Each of these fluxes sets up eddy currents in the disc 
of the meter and these eddy currents in turn produce fluxes of their own 
which interact with the main fluxes in such a way as to produce a driving 
torque directly proportional to the product of volts times amperes times 
power factor; in other words, a torque exactly proportional to the true 
watts delivered to the load. 


The arrangement of the poles is quite different from the ar- 
rangement in an ordinary split.phase or two phase motor,. but 
the underlying principles are the same. 


i a P ана еа а m ттт. 
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The flux from the permanent magnet acts as the field of the short а 
circuited generator and the disc serves as its rotating armature. As the disc 
revolves below the, poles of the permanent magnet, cutting the lines of 
force emanating therefrom, eddy currents (often referred to as Foucault ' 
currents) are set up in the disc and these in turn set up a flux of their own 
which interacts with the flux from the permanent magnet (in accordance : 
with Lenz’ law) to retard the motion of the disc. 


The retarding torque so de- 
veloped varies directly with the 
speed of rotation. 


The power absorbed by this short 
circuited generator, which functions 
as a magnetic brake, must be suf- 

ficient to hold the speed at a fairly 
REMOVABLE low value in order to prevent undue 
UPPER BEARING . Ж 
GUARD SMELL wear of moving parts and also in 
order to avoid a certain retarding 







Fic. 4,479.—Sangamo single phase inductive 
watt hour meter bearing system. ‘The 
upper pivot, or bearing is made of tem- 

||| snAss suaFT pered steel wire and of sufficiently small 
diameter to be quite flexible in the lengtlr 
between the top of the brass shaft and the 
guide ring in which it rotates. The guide 
ring, made of phosphor bronze, has the 
bearing hole burnished. The upper bear- 
ing screw, in which the bronze bushing is 
carried, is so constructed that a long brass ' 
sleeve closely surrounds the upper pivot of 

the spindle, Any blow against the moving 

system, caused by accident or short circuit, 

will slightly deflect the shaft until the steel i 

pivot touches against the side of the shell, 

thus preventing danger of breaking off or 
bending the upper pivot. At the same time 

a cushioning or flexible action between the, 

shaft and the bearing shell is secured, thus 

eliminating the effect of vibration in the 
moving system, which would'tend to produce 

rattling. The lower bearing consists of a 

cup sapphire jewel, supported in a threaded 

pillar, the upper end of which is provided 
with a sleeve so located that it prevents the 
moving element dropping out during ship- 

LOWER BEARING ment. This protecting sleeve is held friction 

оспе tight on the shaft and can be removed if it 

be desired to inspect the jewel. 


LOWER STEEL 
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torque, due to the interaction between the electro-magnets and the disc, 
which would be felt if the speed were high. 

In addition to holding the speed at a low value the short circuited gen- 
erator or magnetic brake serves to regulate the speed by means of the 
.full load adjustment. 


Since friction torque does not vary with the speed and increases as the 
bearings become worn, it is not desirable as a retarding torque. Never- 
theless, it can be entirely compensated for as long as the character of 


Train proper Bracket 


Locking 


lever 





wheel Compound attachment 


Location slot on upper bearing 


Fic. 4,480.—Sangamo single phase inductive watt hour meter register; back view showing 
arrangement of the worm wheel, compound attachment, locating bracket, and locking 
levers. Jt is located on a brass bracket and held by two small levers. By drawing the 
levers down to a horizontal position, they are disengaged from the supporting bracket and 
the train can be removed by sliding it forward. The bracket is accurately located by two 
dowel pins set in the top face of the main grid, and is held to the grid by two screws easily 
accessible from the top. All registers used are marked with symbols on the back of the 
train and on the compound attachment to indicate the correct register ratio of each combina- 
tion; this ratio being different for meters of different capacities, in order to obtain a direct 
reading in kilowatt hours on the dial. 


the bearing surfaces remains unchanged. This is accomplished through 
the agency of the light load adjustment plate. Unfortunately, the con- 
dition of the bearing surfaces tends to change from time to time, and it 
is this that makes the presence of friction so objectionable and which 
makes it necessary to keep friction torque at a very low value in propor- 
tion to driving torque. 





а = 
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Since friction in the lower bearing is proportianal to the weight of the 
moving element it will be apparent that this part should be made as light 
as is consistent with necessary strength and that the driving torque should 
be kept at a high value, also that a meter with a high torque will not 
give satisfactory long time operation if in addition to high torque it has 
a heavy moving element. This is especially true of induction type meters, 
for in addition to the wear due to turning friction, there is the wear due 
to the ceaseless vibratory motion of the moving element which is not present 
in d.c. meters. s : 


Induction Watt Hour Meter Adjustments.—There are three 


adjustments: 


1. The full load adjustment; 
2. The light load adjustment; 
3. The inductive load adjustment. 


The full load adjustment regulates the retarding torque of the short- 
circuited generator; the light load adjustment is a device for exactly counter- 
balancing friction torque, and the inductive load adjustment influences the 
driving torque of the motor element on inductive loads. 


In the Duncan induction watt hour meter: 


1. The full load adjustment is made by raising and lowering the full load 
adjustment screw. As the head of this screw is moved upward toward the 
poles of the permanent magnet (its front turned to the right) more flux 
is made to cut the disc and as a result the braking effect of the short cir- 
cuited generator is increased and the speed of the meter reduced. Аз 
the head of this screw is moved away from the poles of the permanent 
magnet the opposite result will be observed. 


2. The light load adjustment device consists of two hollow squares, each 
of which surrounds one of the poles of the voltage electro-magnet. If 
this plate be placed symmetrically with respect to the two poles of the 
voltage electro-magnet it will have no effect whatever upon the operation 
of the meter at light load, but as this plate is moved to the right or to 
the left out of symmetry with the poles of the voltage electro-magnet the 
meter will be given a slightly forward or backward torque. This plate 
has the effect of setting up slightly shifting magnetic fields which have a 
constant influence upon the disc at all meter speeds, so that any given 
friction torque can be exactly compensated. 
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3. The inductive load adjusiment plate is similar to the light load adjust- 
ment plate except that it is intended to be symmetrically placed with 
respect to the poles of the voltage electro-magnet at all times, and, there- 
fore, has no influence upon the light load operation cf the meter. 


Instead of moving this plate in a horizontal direction, as is the case 
with the light load adjustment plate, it is moved vertically and has more 
effect as it is moved closer to the voltage coils and less effect as it is moved 
downward away from the voltage coils. The inductive load adjustment 
plate does not ope-ate in connection with the voltage electro-magnet to 
produce a shifting magnetic field, but instead simply s1perimposes a sec- 
ond field upon the main field of the voltage electro-magnet, the two fields 





Fic. 4,481.—Diagram showing relation of current and voltage fluxes in Duncan single phase 
induction meter. In the diagram, OE, represents the voltage of the circuit; OA, the current 
which lags behind OE, by an angle 4; OB, flux of the current electro-magnet which is as- 
sumed to be in phase with OA; OF), current and flux in the voltage coil which lags behind 
the voltage of the circuit by an angle 06; OC, current in the inductive load adjustment plate; 
OF:, flux produced by this current; OF, represents the resultant of OFs, and OFi, and it 
will be noted that OF, is exactly 90? behind OE. Under these conditions, the meter will 
have a torque proportional to OE XOA Xcosine of ¢. This is proportional to the energy 
"being used. 


forming a resultant flux which differs by exactly 90? from the flux set up 
by the, current electro-magnet when the power factor of the load is 1.0. , 
In this way the meter is made to record accurately on loads of all power 
factors, for the torque of the meter, when it is correctly adjusted for in- 
ductive loads, will be exactly proportional to the sine of the angle of 


— - - -— — — 
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phase difference between the current and voltage fluxes, which is exactly 
equal to the cosine of the angle by which the current lags behind the 
voltage of the circuit. 


Since the true power delivered to the load is equa! to effective amperes 
times effective volts times the cosine of the angle of lag, it is at once ap- 
parent that the torque of the meter will at all times be proportional to 
the power delivered to the load no matter what the power factor. 


Fig. 4,481 is a vector diagram showing how the fluxes from 
the inductive load adjustment plate interact with the fluxes 
from the voltage electro-magnet to form a resultant which is 
exactly 90° from the flux produced by the current electro- 
magnet when the power factor of the load i3 unity. 

In other words, exact quadrature under these conditions is made to exist 


between the current and voltage fluxes and as a result the meter will register 
a load of any power factor whether leading or lagging with high accuracy. 


Creeping.—If an induction watt hour meter be correctly ad- 
justed and contain no friction and if the lin» voltage be steady 
and no vibration be present, the disc will not start to creep, 
but if ther? be a little friction present or if the line voltage be 
somewhat higher than normal or if the meter be mounted upon 
a wall where there is vibration, the disc may tend.to creep 
slightly. 

In order to prevent continuous creeping, two holes are punched i^n op- 
posite sides cf the meter disc. When one of these hles comes within the 
influence of the voltags clectro-magnet at the rea: cf the meter, the ten- 
dency to creep 7 "111 ¢ overcome, since the resistance « f th2 disc is increased 
thereby lesseniag the forward torque produced by the light load adjust- 


ment. Two holes a.e provided, rather than one, to balance the disc, and 
t? prevent the mete, creeping more than one-half of one revolution. 


In order to simplify the problem as much a3 possible, assume 
a load having a unity power factor. ` 
Curve E, in fig. 4,482, represents the voltage impressed on the voltage 
electro-magnet and curve 4g, the flux set up by the voltage clectro-magnet. 
Intervals of time a.e represented on the horizontal line a£. This flux is 
made to lag behind the voltage by exactly 90° due to the high impedance 
of the voltage electro-magnet and to the inductive load adjustment. 





~ 
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Curve I, represents the current in the current electro-magnet and is of 
course in phase with E, and also фи, which is the flux set up by the cur- 
rent I. It will be seen from curves фк, and 41, that at instant a, the flux 






E = vortaoe of circurT 


f = CURRENT IN 
CURRENT ELECTRO-MAGNET 


= FLUX SET UP BY 
Е VOLTAGE ELECTRO-MAGNET 


0; FLUX FROM CURRENT ELECTRO-MAGNET 


„ EDDY CURRENTS INDUCED 
l, IN DISC BY O 


],- EDDY CURRENTS INDUCED 
E IN DISC BY Qc 
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Fics. 4,482 to 4,489.—Diagrams showing how torque is produced in Model M2 Duncan watt 
hour meter. A, curves; B, magnetic poles of electro-magnets, also eddy currents in disc de- 
veloped by current electro-magnet at instant a; C, magnetic poles of electro- magnets, also 
eddy currents in disc developed by voltage electro-magnet at instant c; D, eddy currents 
in disc being developed at instant a, by current electro-magnet; E, eddy currents 
in disc being developed at instant b, by both current and voltage electro-magnets; F, eddy 
currents in.disc being developed at instant c, by voltage electro-magnet; G, magnetic poles 
of electro- magnets and eddy currents I at instant b; Н, magnetic poles of electro-magnets and 
eddy current I at instant 5. 
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in the current electro-magnet is passing through its zero point, changing 
from negative to positive, and that the flux from the voltage electro- 


magnet is at a negative maximum. 


The flux $i, from the current electro-magnet induces eddy currents in 
the disc, as Ij. Since the magnitude of the induced current depends upon 
the rate of flux change, the current Iı, will be at negative maximum when 
the flux $;, is on the point of changing from negative to positive. И will 
also be at a zero value when 41, is maximum. In other words Iı, lags 
exactly 90° behind ¢:, in time relation and is in phase with 4g, the flux 
from the voltage electro-magnet. B, represents diagrammatically the re- 
lationships at instant v. It will be seen that the currents Iı, induced in 
the disc by $i, are as indicated in B and D. These eddy currents I, set 


ADJUSTING 
SCREW 





HEAD OF — . SECTOR 
ADJUSTING SCREW CLAMPING SCREW 





Fic. 4,490.—Sangamo single phase inductive watt hour meter grid (back view) showing liyht 
load adjustment. The principle involved is practically the same as used in all modern types 
of induction meters. The variation lies simplv in the mechanism for manipulating the device. 
The device consists of a vane, or flat single turn shading coil, stamped out of a piece of 
low resistance metal, located in the gap of the shunt field so that the action of this field 
produces secondary currents within it. When this vane lies on either side of the center 
of the field it produces an unbalanced effect which tends to rotate the armature either for- 
ward or backward, depending upon which side the vane is placed. In construction, the 
vane is mounted on a shaft carried by a bracket fastened with screws to the back of the 
grid. On the lower end of the shaft is riveted a sector with teeth milled inta its edge. These 
teeth-engage a screw, the head of which is accessible from the front. A coil spring prevents 
any back lash between the sector and the screw; therefore, the tightening of the clamping 
screw holds the adjustment permanently as set. The adjusting screw is stamped with ten 
divisions, and arrows with letters F, and S, that indicate respectively the direction of mcve- 
ment to make the meter run faster or slower on light load. One complete revloution of the 
adjusting screw produces a change of approximately 2.5% at one tenth load, or one divi- 
sion produces a change of about .25%. Therefore, with slight practice it is not difficult to 
obtain an adjustment of .1% at one tenth load. 


‘ 
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| up fields as shown in B, which are in phase with 4, the flux from the 
voltage electro-magnet. 





The letters N and S, in B, represent the relative positions of the poles 

b of these fields. It will be noted that there will be an attraction between 

the fields having the same direction, and a repulsion between those having 

opposite directions. Thus there will be a tendency for that portion of 

the disc between the electro-magnets to move from right to left so the 
fields having the same direction will coincide. 


Since the back of the disc as in D, is being considered, the direction of 
rotation in front will be from left to right or “forward” rotation. 





54-259 
Fic. 4,491.—Sangamo type H single phase watt hour meter. Two wire, capacity 5 to 100 
amperes inclusive. 


Fic. 4,492.—Connections for Sangamo type H single phase watt hour meter. Three wire, 
capacity 5 to 100 amperes, ‘nclusive. 


In the discussion so iar the effect of the eddy currents Ix, in- 
duced in the disc by the flux g, has not been considered. 


Upon referring to A, jt will be noted that at instant a. these currents 
are zero. 


At instant c, the flux ¢,, due to the voltage electro-magnet is at its zero 

point while the flux 4i, from the current electro-magnet is a positive max- 

І imum. The action here is similar to that at instant a, except that the con- 
‘ ditions are reversed. 


` 
~ 
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Тһе дих фь, from the voltage electro-magnet induces currents in the 
disc as Ig, which lag фр, by exactly 90°. At instant c, they are a positive 
maximum. The current I, in the current electro-magnet is at a maximum 
as is the flux $i, which it sets up. 


Upon referring to C, it will be noted that the center pole of the current 
electro-magnet is now a north pole and the two outside poles are south. 
At instant c, the eddy currents Тр, in the disc which are set up by the 
voltage electro-magnet are a maximum and are as shown in C, and F. 
As in B, the letters N and S, represent the relative positions of the poles 





Fic. 4,493.—Connections for Sangamo type H single phase watt hour meter, with current 
transformer. Two wire, capacity 150 amperes and above. 


of the fields set up by the eddy current I,, in the disc and the fields set 
up by the flux $1, from the current electrc-magnets. 


As before there is an attraction between the fields having 
the same direction and a repulsion between those having op- , 
posite directions so there will again be a tendency for the disc 
to have "forward rotation." ` 
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Thus the direction of motion of the disc at instant c, is the same as at 
instant a. At instant a, there are no eddy currents generated in the discs 
by flux ¢g, from the potential electro-magnet due to the fact that it is 
at its maximum value and the rate of flux change is zero. 


Likewise at instant c, there are no eddy currents generated in the disc 
by flux 41, from the current electro-magnet as it is then at its maximum. 


By following this analysis through instants e, g and 7, thus completing 
the cycle, there will be found a tendency to produce forward rotation at 
each instant. : 





Fic. 4,494.—Connections for Sangamo type H single phase meter with three wire current 
transformers. Capacity 150 amperes and above. 


When considering instants between a, c, e, g and 7, such as b, 
a somewhat more complicated situation arises. 


At this instant both current and voltage fluxes are changing rather rap- 
idly. Theoretically it would be possible to combine these fluxes into a 
resultant, but a study of what happens can best be pursued by first con- 
sidering the torque producing effect of the poles of the voitage electro- 
magnet when interacting with the poles in the disc generated by the eddy 
currents set up by the current electro-magnet, and then seeing the effect 
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of the interaction of the poles of the current electro-magnet and the poles 
set up by the eddy currents in the disc resulting from the voltage electro- 
magnet. 


It will help in understanding the situation if attention be 
called to the fact that the eddy currents, generated by the 
current electro-magnet, set up poles in the disc which have 
no torque producing qualities so far as the poles of the current 
electro-magnet are concerned. 





Fic. 4,495.—Connections for Sangamo type H primary meter with current and potential 
transformers, all capacities. 


This is also true of the voltage electro-magnet, except that the light 
load adjustment plate used in connection with the voltage electro-magnet 
gives a slightly unbalanced effect which produces a very slight torque, 
which is just sufficient to overcome friction. For the purpose of the present 
discussion, however, it may be assumed that the voltage electro-magnet 
sets up eddy currents in the disc which form magnetic poles and that 
these magnetic poles when considered in connection with the poles of the 
voltage electro-magnet do not tend to produce torque. A study of the 
diagrams will show this point more clearly. 





^ 
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The curves in I, show that the eddy currents L;, being induced in the 
disc at instant 5, are as indicated in E and G. These currents are in the 
same direction as they were at instant a, but are reduced in strength. 


Сигуе фу, shows the flux from the voltage electro-magnet at instant b, 
to be in the same direction as at instant a, but like I;, reduced in strength. 
Therefore, the action between the fields set up by the eddy current 1, 
which are induced in the disc by the current electro-magnet and the flux 
фк, from the voltage electro-magnet is to produce torque as indicated in 
G, which is similar to B. Since $, can represent any point between а 
and c, the torque due to these two quantities will vary from a maximum 
at a, to zero at c. 


At instant 6, eddy currents Ig, are also being induced in the disc by 
the flux g, from the voltage electro-magnet. These eddy currents have 
the same direction at instant 5, as in instant c, but have not yet reached 
their maximum strength. The flux 4:, from the current electro-magnet 
likewise has the same direction at instant 5, as at instant c, but has not yet 
reached its maximum value. It has the direction as indicated in H. 4: 
and the magnetic fields set up by Ig, interact to produce rotation in the 
same way and direction as they do at instant c. 


At instant b, is seen, therefore, two torques acting at the same time to 
produce a forward rotation of the meter disc. This reasoning if followed 
through tne complete cycle will show that the preceding torques combine 
to produce a pulsating torque tending to drive the disc in a forward di- 
rection. 


In this discussion no attempt has been made to take into 
consideration the damping torques arising from the interaction 
of the fluxes from the current and voltage electro-magnets with 
the cddy currents which they induce in the disc. 


A discussion of them here would not alter the preceding explanation and 
would only serve to complicate it. Therefore, it is sufficient to say that 
the disc in cutting through the fluxes from the current and voltage electro- 
magnets has eddy currents generated in it па these for their amplitude 
are just as effective in damping the rotation of the disc as those generated 
from the permanent magnet flux. The result is that the total damping 
torque in the induction type meter is not constant, but increases as the 
current in the current coil of the meter increases. 


The damping effect of the electro-magnets is an important item to be 
considered in the design of an induction type watt hour meter as it influ- 
ences appreciably the characteristics. 
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Methods of Adjustment.—The following instructions relate 
in particular to the Duncan meter, although the principles 
involved are general. 


Single Phase Meter 


Full Load Adjustment.—This is effected by means of a large 
flat headed screw M, as shown in fig. 4,496, situated immedi- 
ately below the poles of the permanent magnet. 





Fic. 4,496.—Duncan single phase induction watt hour meter with register removed. The 
parts are: A, light load adjustment screw; E, ligat load adjustment clamp screw; S, ter- 
minal chamber cover sealing screw; S, sealing ear on terminal cuamber cover; К, disc; T, 
test link; F, full loa | adiustment clamp screw; M, full Joad adjustment screw; J, inductive 
load adjustment clamp screw; I, inductive load adjustment. 





— ——m — 
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Turning the front of this screw to the right will cause the meter ta 
run slowly on full load and turning it to the left will cause the meter to 
run faster on full load. In meters of recent manufacture, this is clearly 
indicated by two arrows and by the letters F, and S. The direction is 
the same for all Duncan single phase meters. 


Before turning tne full load adjustment screw, the clamp screw F, must 
be loosened, and of course, this should be tightened after adjustment has 
been made and before making the test runs. 


Light Load Adjustment.— This, like the full load adjustment, 
is of the micrometer type and is made by turning the light load 





Fic. 4,497.—Connections for Sangamo type H horizontal polyphase meter, two and three 
phase, three wire. 


adjustment screw А, so as to cause the light load adjustment 
plate to move to the right or left. 


Turning this screw so that its front is moved upward wil cause the 
meter to run faster at light Joad and turning it so that the front moves 
downward will bring about the opposite result. In meters of recent man- 
ufacture, the head of this screw is marked with two arrows and with the 
letters F, and S, so that it is not necessary for the meter tester to re- 
member which way to turn this screw. In olce: tynes of meters, the 
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direction of rotation is shown by an instruction sheet pasted to the inside 
of the meter cover. Before attempting to turn the light load adjustment 
screw, the light load adjustment clamp screws EE, should be loosened 
and should be tightened again after turning screw A, and before making 
further tests. 


Meters made at the present time are provided with a spring to take up 
back lash. The purpose of this spring may be defeated if the light load 
adjustment screw be moved while the clamp screws are tight. 


LOAD 





Fic. 4,498.—Connections for Sangamo type H horizontal polyphase meter, two and three 
phase, three wire, with current transformers. 


Inductive Load Adjustment.—This will seldom require at- 
tention, as it is carefully set at the factory. When adjustment 
is necessary, first loosen the inductive load adjustment clamp 
screws JJ, which should be tightened again immediately after 
changing the adjustment and before test runs are made. 

Raising the ears B, will cause the meter to run faster on inductive loads 


and lowering them will cause the meter to run slower on such loads. It 
is best to keep the two ears exactly level with each other. If one of them 
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be higher than the other, the light load adjustment of the meter will be 
affected to some extent. 


Polyphase Meter 


Full Load Adjustment.—Although the polyphase meter is 
provided with two full load adjustment screws, one of them 
will usually suffice, and the screw G, is the only one indicated 
in fig. 4,500. The adjustment is exactly the same as in the 





Fic. 4,499.—Connections for Sangamo type H horizontal polyphase meter, two and three 
phase, three wire, with current, and potential transformers. 


case of the single phase meter, and the clamp screw F , should 
be loosened before each adjustment and tightened after each 
adjustment. 
If the front of the screw be turned to the right, the meter will run slowet 
on full load, and if turned to the left, will run faster on this load. à 
: If the lower full load adjustment screw be used, then its front should 
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be turned to the left to retard the motion of the discs and to the right 
to speed up the discs. Both of these adjustments are indicated in meters 
of recent manufacture by arrows and the letters F and S. 


Light Load Adjustment.—Each of the two light load ad- 
justments is locked by two clamp screws. One of the upper 
clamp screws is shown at E. The clamp screws should be loos- 
ened before each adjustment and tightened immediately after 
each adjustment and before making test runs. 





Fic. 4,500.—Duncan polyphase induction watt hour meter. The parts are: L and O, light 
load adjustment screws; E, upper light load adjustment clamp screw; KK, balance adjust- 
ment clamp screws; H, balance adjustment screw; F, fuil load adjustment clamp screw; 
G, full load adjustment clamp; G, fuil load adjustment screw; JJ, inductive load adjust- 
ment clamp screws for lower element; 11, inductive load adjustment for lower element; 
M, holding screw for dowelled full load adjustment screw plate. 
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JJ, and lower the ears II, approximately the same distance, after which, 
and before the next test, the clamp screws should be tightened. 


Raising the ears II, will reduce the lower element torque at 50 per cent 
lagging power factor. The inductive load adjustment of the upper element 
is identical except that its ears should be raised to increase the torque 
of the upper element at 50 per cent lagging power factor and lowered to 
secure the opposite result. 2 


Balance of Elements Adjustment.—Loosen screws KK, and 





Fic. 4,503.—Connections for Sangamo type H vertical polyphase meter, 150 amperes and over, 
110 to 550 volts, inclusive, two and three phase, with current transformers. 


turn screw H, until desired result is obtained. Screw H, acts 
as an eccentric to raise and lower the plate upon which the 
upper current electro-magnet is mounted, the direction of 
movement being indicated by the motion of the screws KK, 
which are mounted on the plate. 
Be sure to tighten screws KK, after turning screw H, and before again 
testing for accuracy. As the screws KK, move upward the upper element 


will have-more and more torque. Turning the screw H, so that the screws 
KK, come downward will give the upper element less torque. The 


= mx TJ 
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balance adjustment is carefully made at the factory and will seldom 
require attention. 


The Registering Mechanism.— This comprises the dials, 
pointers, and gear train necessary lo secure the required reduction 
in speed. This gear train is driven directly by the rotating 
element and therefore its friction should be low and constant. 


The object of the registering mechanism is to register either the revolu- 
tions of the rotating element of the motor or the equivalent of those revo- 
lutions in kilowatt hours. 










;0 
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Fic. 4,504.—Sangamo single phase inductive watt hour meter register dial. The dial circles 
геа 12, 100, 1,000, and 10,000 k.lowatt hours from right to left. 


In some of the earlier types of meters this mechanism or register was 
alike for all ratings and such that 1,000 revolutions of the rotating element 
would cause the fizst dial pointer to make one complete revolution. The 
register constant for watt hours for this type of register was the same as 
the watt hour test constant of the meter. 


In other types of meters, additional reduction gearing was iutroduced 
into the register so that the register read directly ia watt hours, or the 
register constant was 10 or some multiple thereof. The first type of reg- 
ister has the advantage that with the exception of the register constant, 
registers for all ratings of meters are exactly alike, and therefore the 
possibilitv of a wrong gear ratio was avoided. 
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The simplicity of the direct reading type from a reading and billing 
standpoint, however, has led to its standardization. The number of 
revolutions of the rotating element of the meter per kilowatt hour is in- 
versely proportional to the watt hour constant of the meter. Accordingly, 
the gear mechanism between the rotating element of the meter and the 
first dial pointer will be different for meters having different test constants. 


Furthermore, since watt hour meters are usually read but once each 
month, the register must be such that it will not repeat (that is, the pointer 
of the last dial will not pass over the zero on the last dial more than once) 
during that interval. The following definitions relating to the registering 
mechanism should be noted. 
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Fıc. 4,505.—Sangamo single phase inductive watt hour meter register diat with test dial. 
It has a small test circle indicating one kilowatt hour per revolution in all sizes where the 
first regular circle indicates 10. This is provided to conform with the requirements of the 
Canadian Government and it is intended that the hand on the test circle shall make not less 
than !4 revolution in one hour with full load on a meter. 


Definitions 


Diais.—The graduated circles over which the dial pointers move. 


Dial Pointers.—Those parts of the register which move over the dials 
and point to the numbers on the divisions of the dials. 


Dial Train.—A]l the gear wheels and pinions used to interconnect the 
dial pointers. 


НИЦИ НИ — À —— 
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First Dial.—The graduated circle over which the most rapidly moving 
dial pointer moves, the test dial not being considered. 


Gear Ratio.—(R,) The number of revolutions of the rotating element 
for one revolution of the first dial pointer. 


Register.—That part of the meter which registers the revolutions of 
the rotating element or the equivalent of those revolutions in kilowatt 
hours. 


Register Constant.—(K,) The factor used in conjunction with the 
register reading in order to ascertain the total amount of electrical energy, 
in the desired unit, that has passed through the meter. 


Register Ratio.—(R,) The number of revolutions of the wheel meshing 
with the worm or pinion on the rotating element for one revolution of the 
first dial pointer. 


Register Reading.—The numerical value indicated on the dials by the 
dial pointers. Neithec the register constant, nor the test dial, if any exist, 
is considered. On some meters a multiplier (such as 100s) is printed ad- 
jacent to the dial to which it applies; on others a number adjacent to the 
dial (printed without the letter s) is the numerical value of one revolution 
of that dial ‘hand. Such multipliers or adjacent numbers also are disre- 
garded when recording the register reading. On some meters the first dial 
has its major divisions marked with two digit numbers; its indication 
should be so recorded. The matter of register readings is greatly simpli- 
fied, and the errors of meter readers are minimized, when standard reg- 
isters are used. 


Registration.—The numerical quantity expressed in the desired unit 
corresponding in value to the energy that has passed through the meter. 
It is equal to the product of the register reading and the register constant. 
The registration during a given period of time is equal to the product 
of the register constant and the difference between the register readings 
at the beginning and the end of the period. 


Standard Register.—One in which each of the four dials is divided 
into ten equal parts, the division marks being numbered from zero to nine 
and the gearing between the dial pointers is such that the relative move- 
ments of adjacent dial pointers are in opposite directions and in a 10 to 1 
ratio. The constant necessary for use in conjunction, with the register 
reading may be 1, 10 or any power of'10. Nothing appears on the register 
face in addition to the dials except the word kilowatt hours and the register 
constant. 


A. C. Watt Hour Meters ' ' 2,011 





Test Dial.—An extra dial placed upon the register face, or other part 
of the register, of some meters and used only when testing the meter. 
The term fest dial does not apply to any of the dials on a rotating standard. 


The gear ratio, register ratio and register constant (see defini- 
tions) are important factors in the correct registration of the 
meter .* 


LINE 





Fic. 4,506.—Connections for Sangamo type H vertical polyphase meter, all capacities, 1,100 
volts and above, two and three phase with current and potential transformers. 


When the dial train is removed, the gear wheel, which 
meshes with the worm or pinion on the rotating element shaft, 
remains in the meter. It should be noted in such cases that 


*NOTE.—Practically all manufacturers have adopted the various recommendations of the 
different Meter Committees and at the present time mark the value of the register ratio on 
the back plate of the register. 
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the gear ratio and register ratio includes as much of this gear- 
ing left in the meter, as would be included were it integral with 
the part of register removed from the meter. 


А worm and worm wheel are frequently used in connection with gears 
for speed reduction. A single worm is simply a screw thread on a shaft 
and in a train of gears acts similarly to a gear having but one tooth. The 
worm is arranged so as to engage a worm wheel having a relatively large 
number of teeth. 





Fic. 4,507,— Westinghouse polyphase watt meter with cover and dial removed, 


A double worm is sometimes employed, consisting of two screw threads 
on a shaft, which acts as a gear with two teeth. In calculations a single 
worm should be considered as a gear having one tooth, and a double worm 
as a gear having two teeth. 

A worm and worm wheel require less space than a pinion and gear de- 
signed for the same conditions, and involve a 90? difference in direction 
between the axes of rotation of the worm and the gear. 


~ 
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Fic. 4,508.— Connections of 2 wire Duncan model M2 watt hour meter, 5 to 100 amperes, 
600 volts and less. 


` 


Fic. 4,509.—Connections of 3 wire Duncan model M2 watt hour meter, 5 to 150 amperes, 
€00 volts and less. 
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Fic. 4,510.—Connections of 2 wire Duncan model M2 watt hour meter, 150 to 300 amperes, 
600 volts and less. 


Fic. 4,511.— Connections of 2 wire Duncan model M2 watt hour meter with current trans- 
former, 400 amperes and above, 600 volts and less. 
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TEST QUESTIONS 


What is a watt hour meter? 

Of what does a watt hour meter consist? 

Name two types of watt hour meters. 

How does a watt hour meter work? 

What is the object of the motor and the generator? 

What provision is made to correct the error due to 
friction? 

What meter is chiefly used on a.c. circuits? 


Describe the operation of a single phase induction 
watt hour meter. : 


Describe the three principal torques.: 

How is the necessary split phase effect secured? 

Name three adjustments for watt hour meters. 

How is the full load adjustment made? 

Describe the light load adjustment device. 

How is the inductive load adjustment made? 

What is creeping? 

How is creeping prevented? 

How are adjustments made on the polyphase meter? 

Describe the balance of elements adjustment. 

Of what does the registerung mechanism consist? 

What is the object of the registering mechanism? 

Name two types of registering mechanism. 

Give a list of terms relating to registering mechanism 
and define them. | 

Name some important factors in the correct registra- 
tion of the meter. 


Demand Meters 2,615 


CHAPTER 85 


Demand Meters 


By definition a demand meter is a device which indicates or 
` records the demand or maximum demand. $ 





Fic. 4,512.—General Electric demand watt hour meter register. Scale shown is for 5 ampere, 
110 volt, 3 wire, 3 phase meter. 


The majority of central stations now include in their tariffs, 
some form of demand rate requiring the use of demand meters. 

A demand rate is one in which a factor ts introduced offering 
certain econon:ies to a customer who will arrange his draft of 
energy so as lo require a steady non-fluctuating supply over the 
major part of the working pericd. 
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It is easily understood that such a load is of great benefit to the central 
station as it reduces the amount of generating and line equipment neces- 
sary to supply the abnormal peaks which might otherwise occur. The 
benefit of reduction of fixed charges on the central station is passed on 
to the customer who aids, by his load regulation, in reducing them, and 
conversely a customer whose power requirements vary considerably, bears 
a proportional share of the expense incurred by the company in keeping 
equipment ready to meet such fluctuations. 





Fic. 4,513.—General Electric single phase watt hour demand meter. 


Fic. 4,514.—General Electric polyphase watt hour demand meter. 


The usual form of charge for maximum demand or “stand by service” 
as sometimes termed in rate discussions, is a definite rate per kilowatt 
or kilovolt ampere of maximum demand as determined by demand meters, 
while the kilówatt hours of actual energy used are measured in the usual 
way by watt hour meters, and sold separately at a fixed schedule, both 
items of charge being included in the gross bill. For this reason it is neces- 
sary to provide distinct elements to indicate or record kilowatts and kilo- 
watt hours separately, although the individual elements may be and often 
are combined in one case. and sold as one meter. 


1 D = 
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Demand meters measure a quantity which is composed cf an 
electrical factor and a time factor. 


Accordingly each demand meter must contain an electrical element and 
a timing element which may be structurally either distinct or combined 
with each other. These two elements combined with a suitable recording 
or indicating clement make up the demand meter. 
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Fig. 4.515.—Diagram of Cereral Electric demand. watt hour. meter register. The meter 
train is driven cirectly by the meter disc shaft in the usual manner. The demand train 
is likewise driven directly by this same shaft, but with a disc type of friction clutch inter- 
posed between the worm wheel and demand pointer. Both registering elements (watt hour 
train and demand train) advance together. At the end of each interval, the demand train 
is reset to zero by the synchronous motor and a counterweight. The resetting operation 
is practically instantaneous. The motor gradually raises the counterweight to its over- 
balancing position. It then drops suddenly. In doing so it momentarily engages a muti- 
lated gear on the demand drive shaft carrying it to zero. The force thus applied is suffi- 
cient to slip the clutch through which the demand train is driven. This allows the return 
to take place without disturbing the gearing to the watt hour meter. If for any reason the 
action of the counterweight fails to return the demand pointer completely to zero, the motor 
overtakes the counterweight and forcinly drives the demand train to zero. This principle 
xives to the register its positive reset feature. Thus, an over registration af demand in the 
ensuing interva! cannot occur because of failure to return to zero. 
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The electrical element of a demand meter is that portion which 
is affected by the electrical quantity which it is desired to measure; 
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F1. 4,516, —General Electric watt hour demand meter register; back view. 
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Fic. 4,517.—General Electric watt hour demand meter register mechanism. A synchronous 
motor establishes the timing. Resetting of the demand mechanism is almost instantaneous. 
Moreover, its action is positive. The motor follows up the counterweight, and if the latter 
fail to return it completely, the motor actually drives the mechanism to zero. The power 
required to restore the advancing mechanism to zero is supplied by the motor. The meter 
is not required to do this work, and is, therefore, practically unaffected by the additional 
load or friction from the demand train, also the available power of the motor is utilized 
efficiently by gradually storing up energy in the counterweight to effect the resetting 
operation. À micrometer zero adjustment for the demand pointer is provided as well as 
a means for quickly returning the watt hour pointers to zero. 
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the magnitude of the effect gives a measure of that electrical 
quantity. E 





Fic. 4,518.—Sangamo maximum demand register. The red hand on the inner scale shows 
the kilowatt rate. The long hand on the outer scale shows the highest demand since the 
last reading. In operation the register works on the Merz principle in which the pointer 
is advanced over the demand scale at a speed proportional to the rate of energy consump- 
tion. The actuating mechanism is returned to its starting position at the end of a pre- 
determined time interval, leaving the pointer at the highest position to which it has been 
carried in any one or more equal time intervals. The pusher arm is returned to zero by 
means of a cantilever resetting spring operated by a simple arrangement, consisting of two 
cams revolving at different speeds and having segments cut out to allow a pin to drop when 
the openings in the cams register at the end of each time interval. The operation of the 
register is described in detail in fig. 4,519. A manual reset with usual arrangement for seal- 
ing, is mounted on the glass meter cover, by which the indicating pointer may be returned 
to its zero position at reading intervals. A synchronous motor is used as a timing element, 


Thus, the electrical element of certain demand meters is similar to an 
ordinary ammeter or watt meter of the deflection type, and in others it 
is a watt hour meter or other integrating meter, and in still others it is a 
resistance coil which introduces a heating effect which is interpreted in 
terms of amperes or watts. 
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Fie. 4,519.—Diayram of Sangamo maximum demand register. In operation, register 3, is 
driven through the usual train of géaring from the watt hour meter disc 1. Shaft 4, through 
gears, also drives shaft 28, which carries the pusher arm 23. This pusher arm rotates at a 
speed proportional to the rate of energy consumption, and, as it travels across the scale, 
it pushes the indicating sweep hand 25. The power from the watt hour meter is transmitted 
through a friction clutch that couples gear 6, to shaft 28. The reseting mechanism, which 
converts this indicator into a maximum demand indicator, is operated by the synchronous 
motor 18, which through worm reduction and gears, operates two cams 16 and 17. Cam 16, 
through double reduction 30 and 22, 32 and 33, operates at one speed, while cam 17, operates 
sixteen times faster on intervals greater than five minutes, while on five minute intervals, 
50 or 60 cycles and all 25 cycle fifteen minute intervals or less, the ratio is 4 to 1. On the 
face of cam 16, rides a pin 11, which is carried on an arm 12, and held in positive contact 
by a cantilever spring 13, When cam 16, is in such position that the notch 34, is below 
the pin, then the pin 11, rides on cam 17, and when the low side of cam 17, comes under 
the pin, it drops into the notch. Then through pin 10, arm 9, which carries a toothed sector, 
it is pushed down, and through pinion 8, rotates the pusher arm 23, back to zero. The 
power from the cantilever spring 13, pushing through pin 10, or arm 9, is sufficient to over- 
come the friction clutch and return the pusher arm to zero, the zero point being determined 
by the adjustment screw 27, which acts as a stop. This operation is performed quickly 
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The timing element of a demand meter is the mechanism or 
that feature of the device through which the demand interval is 
introduced into the result. 


While the principal function of the timing element of a demand meter 
is to fix the demand interval. its subsidiary function in the case of certain 
types of demand meters is to provide a record of the time of day at which 


any demand has occurred. 





Fic. 4,520.--Sangamo maximum demand register; rear view. 


FiG. 4519.— Text Conttuued. 

and cam 17, then raises pin 11, which by that time, is picked up by cam 16, and carried 
until the next interval occurs. The normal rotation of shaft 28, by the watt hour meter 
disc, returns the arm 9, to position ready for the next resetting. The indicating hand 25, 
due to friction in the spring bearing 26, remains in whatever position the pusher arm leaves 
it. The co-ordination between pusher arm 23, and indicating pointer 25, is attained by 
means of adjustment screw 24. The tension of the cantilever spring 13, is adjusted by 
means of screw 14. 
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The timing element consists either of a clock or its equivalent (for ex- 
ample, an electric motor) or of a lagging device which delays the indica- 
tions of the electrical element. 


In order that the measurement of electrical quantity as made by the 
electrical element may be combined with the measurement of time as made 
by the timing element, a further element, the recording element, is required. 





Fic. 4,521.— Duncan a.c. demand watt hour meter register, reat view showing motor. 


In many important classes of demand meters, this is separate from the 
electrical and timing elements, but in other classes the electrical, timing 
and recording elements are inter-constructed. 


Classification of Demand Meters.— There are several types 
of demand meters to meet the varied requirements of service, 
and they may be classified as: 

1. Integrating; 2. Lagged; 
3. Recording. 

Briefly: 

An integrating demand meter is one which indicates or re- 
cords the maximum demand obtained through integration. 


NOTE.—The word integrate means to give the sum total of. 
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Fics. 4,522 and 4,523.—Diagram of Duncan register showing working principle. In opera- 
tion, the watt meter moving element drives the watt hour dials through the gears C and 
D, direct and the demand pointer through the clutch gear A, which is shown in detail in 
fig. 4,523. The demand pointer is reset to zero at the end of each demand interval through 
the agency of a synchronous timing motor shown at M. The timing motor runs continu- 
ously at synchronous speed and through a proper gear reduction drives the cam E, so that 
it makes one complete revolution each demand interval. This cam moves a gear sector F, 
against a spring G. The gear sector F, is continuously in mesh with B, the other gear wheel 
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Fic, 4,524.— Diagram oí Westinghouse type OA, single phase demand meter. Adjustments: 
1, Time adjustment. The motor speed should be 200 7.p.m. for ali intervals. As it is impos- 
sible to check this speed directly, a sinall white pointer is provided on the No. 12 shaft. 
This shaft makes four revolutions per minule (except for 60 minutes, which has a speed 
of 2.4 r.p.m.) when the motor disc is revolving at proper speed of 200 7.p.m. A small black 
spot which may be used for timing is placed on one spoke of the gear wheel on No. 12 shaft, 
as many prefer this method of timing. The motor speed is adjusted by the motor adjust- 
ment screw H. Turning the screw 2» increases the motor speed. ‘This adjustment gives 
a range of approximately 15 per cent change in the motor speed. If süfficient adjustment 
cannot be obtained with this adjustment, further adjustment is obtained by adjusting 
the resistance in the secondarv of the motor circuit, very similar to the manner in which 
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of the friction clutch, through suitable gearing such as O. The pin H, is fixed in gear B, 
while the pin I, is fixed in the shaft J, carrying the demand driving pointer. Gear B, is 
free to move on shaft J, until the pins come into action. As the watt hour meter advances 
the demand pointer through gears C and A, A drives the shaft J, through a friction clutch 
as shown. At the end of the demand interval the roller K, drops off the tip of the cam E, 
and the spring G, forces the sector gear F, back. This in turn reverses the motion of the 
gear B. When B, is reversed the pin H, picks up the pin I, in the shaft J, and slips J, through 
the friction clutch returning the demand driving pointer to ite zero position. 
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An integrating demand meter consists of a device in combination with 
an integrating meter whereby the energy consumption as measured by 
the meter is registered from time to time in such a way that the maximum 
demand may be determined from the record. 


There are two types: 





115 VOLTS 


Fic. 4,525.—-Duncan maximum demand watt hour meter register dial; front view. 


Fic. 4,524—Text Continued. 


the power factor adjustment is made on the polyphase type OA watt hour meter: In- 
creasing the resistance oí the motor secondary circuit decreases the motor speed and de- 
creasing the seconeary resistance of the motor circuit increases the motor speed; 2, Zero 
адјичтет. Turning worm R (adiustment h,) in clockwise direction moves the white 
pointer up scale; 2, /djustsert b cetermines the Cepth of mesh of the worm wheel d, with 
the worm f. This should be adjusted so that the tee‘h on the worm wheel do not mesh 
the full Cepth of the thread on the worm an‘ cause an exce ssive friction loa.1l on the No. 13, 
sha t; 4, Adjustment c, is provicel to insure proper connection LFetween the link A, and 
the lever g. This ad;usument shouli te mace so that the worm wheel d, will he moved 
oct of mesh with tre worm f, a Cistance of approximately !/z in, Curing the cemeshing 
operation; 5, Adjus‘ment |, is provicei on the front of the register near the bearings of the 
pointers for adiustirg the spring tension, and hence the friction holding the maximum de- 
mand pointer. Moving the small screw in increases the friction holding the black pointer 
in position of maximum Cemand. 





NOTE.—No one except an experienced demand meter expert should attempt either ad- 
justments or repairs. If convinced a emand register be not working properly, the best thing 
to do is to return it to the factory for attention. 
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ADJUSTMENT 


ADJUSTMENT А 


Fic. 4,526.—Diagram of Westinghouse type OB, demand register. In construction, the 
gearing of the register consists essentially of three sets: the watt hour pointer gearing, the 
demand pointer gearing and the motor gearing. As shown, there are two worms on the 
upper disc shaft. This is to simplify the diagram. Actually, these worms are mounted 
on the second shaft of the register. The moving element is connected to the register by 
means of a pinion and gear. In operation, the upper worm U, drives the worm wheel V, 
and thus rotates the first pointer shaft of the watt hour dial. The lower worm f, advances 
the demand pointer by driving the worm wheel d, and gears and pinions E, Q, O. As in 
the OA meter the worm wheel d, shaft of this set of gearing has one bearing in a lever g, 
which permits the worm wheel d, to be demeshed from the worm f, thus allowing the white 
pointer to be returned to zero by gravity weight M. The maximum demand (black) pointer 
C, is advanced by the (white) pointer D, and held by friction in the position of maximum 
deflection of the white pointer. The third or motor set of gearing, determines the length 
of the time interval. The synchronous motor runs at. 600 7.0.2. on all GO cycle meters. This 
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Fic. 4,527.—Elementary diagram of Westinghouse type К! Ага recording watt hour demand 
meter. The meter gives direct reading of power factor, total kw hours, total kva hours, 
kw demand and kea demand for any interval. The power factor and reactive ksa hours for 
any time interval, such as at the time of maximum demand, may be calculated from the 
chart. The kra demand record is made graphically upon a moving paper chart by a pen 
that is driven from the ball so that its rate of movement across the paper is proportional. 
to the total kva in the metered circuit. The kw demand is obtained by means of a stop 
driven by the kw gear train. At the end of the time interval the pen is disengaged from the 
kva gears and falls back until arrested by this stop, it pauses here momentarily and then is 
reset to zero. As the paper chart is moving during this resetting period distinct vertical 
marks are made on the paper at both the kva and the kw demand points. 


Fic. 4,526.— Text continued. 


speed is reduced by suitable gearing to give one revolution of the shaft 3, in the time in- 
terval of the register, 15 minutes or 30 minutes, etc. On the same shaft 3, but free to rotate 
about the shaft, is the worm wheel sector E, and the cam L, which are rigidly mounted on 
the same hub. A pin on the gear й, slowly rotates the worm wheel sector E, untilit reaches 
the worm F, on the high speed motor shaft. Since this shaft makes 100 7.p.m. the worm 
wheel sector E, is quickly passed through'the worm F. As the worm wheel sector E, passes 
through the worm F, the cam L, strikes the lever A, which transmits the motion of the 
cam to lever g, thus demeshing the worm wheel d, from the worm f, and allowing the white 
pointer to return to zero. The period for the worm wheel sector E, to pass through the 
worm f, is selected to allow ample time for the white pointer D, to return to zero. The 
time of the demeshing operation is approximately three seconds, which is a negligible quan- 
tity when compared to the time interval of the register. 


—- 
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Fic. 4,528.—Diagram of Weslinghouse type RO polyphase watt hour demand meter. De- 
signed to mee? the requirements of central station meter service. It is a single instrument 
‘that records both the kilowatt hours consumed and the maximum demand in kilowatts. 
It is installed as an ordinary watt hour meter and requires no additional apparatus or wiring. 
The maximum demand jis indicated directly by a pointer sweeping over a four inch dial, 
the integrated load being registered on the usual four diai counter. The demand pointer 
is reset manually by pressing a button at the top of the meter cover. The meter has a defi- 
nite time constant, yet requires no clock or contacts. The watt hour meter element is pro- 
vided with micrometer light load and full load adjustments.’ The demand meter element 
is provided with a micrometer zero adjustment and a spring clamp for making changes in 
length of spring. These adjustments are accessible at the top of the instrument. In opera- 
tion, when power flows through the instrument the main discs begin to rotate at a speed 
Proportional to the load, driving the watt hour gear train and oscillating the escapement 
claw. The auxiliary discs tend to deflect the pointer instantly to indicate the load, but is 
prevented by the escapement claw engaging its wheel. As the claw oscillates, the teeth 
of the escapement wheel are allowed to Bass, one by one, until the tension on the spiral 
spring balances the torque developed in the auxiliary discs. The system is then in equi- 
librium, thé demand pointer indicating the load, and although the main discs continue to 
rotate so long as the load is maintained, no further deflection takes place, since the escape. 
ment claw oscillates freely between the teeth of the escapement wheel. 


ЕЕ: 
NOTE.—The mechanism of the Westinghouse type RO polyphase watt hour demand 
ineter is very similar to the ordinary clock; the auxiliary discs furnishing the power for driving 
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1. Those showinz the energy consumption in definite and 
consecutive demand intervals occurring at arbitrarily chosen 
times such as 2:30 to 3:C0 to 3:30, etc. 


The maximum demand corresponds to the greatest energy consumption 
in an interval. 


If recording on a tape or chart, the demand for any interval can be 
ascertained and also the time of day at which it occurred. 


If indicating by means cf a hand and dial, only the maximum demand 
is obtainable at any subscquent time. 
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FiGs. 4,529 to 4,531.—Connection diagrams for Westinghouse type OB demand register. Fig. 


4,529, single phase 2 wire; ig. 4,530, single phase 3 wire; fig. 4,531, two element, three phase 
3 wire self contained. 


2. Those recording on a tape or chart the number of equal 
and relatively small amounts or blocks of energy with respect 
to a separate and continuous record of time. 


The maximum demand is obtained by counting the number of such re- 
corded points occurring within the demand interval, the time of the be- 
ginning of the interval being so chosen that the interval will include the 
maximum number of points. From the record, the demand for any 


NOTE.-—Continued. 


the escapement like a main spring, while the rate of the movement is controlled by the motion 
of the main discs, which perform the function of a balance wheel. The escapement wheel 
and claw have radial teeth to prevent an interchange of eneigy retween the main and aux- 
iliary discs. It is to be observed that the function of the main dises are simply to regulate 
the rate of deflection of the auxiliary Ciscs. They supply no power whatever except the neg- 
ligible amount required to oscillate the escapement claw. 
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Fic. 4,532.— Westinghouse type RA recording watt hour demand meter. 
under load the disc shaít D, registers watt hours on the counter through the gearing of the 
shaft assemblies 1 and 4. At the same time, the ink carrying pen P, is positively advanced 

At the end of the time intervz! the tripping rod, 


through shaft assembles 1, 2, and 3 


& 
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interval can be obtained and the time of day at which it occurred. These 
instruments differ from those of Class 1, in that the time of the beginning 
of the interval is not arbitrarily fixed. 


A lagged demand meter is one in which the indication oí the 
maximum demand is subject to a characteristic time lag. 


Lagged demand meters are so constructed as to require a certain time 
interval for the indication to reach the point corresponding to the value 
of the load. 


There are two types. 
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Fics. 4,533 and 4,534.——Chart samples for Westinghouse type RA recording watt hour demand 
meter. Fig. 4,533, 30 minute interval; fig. 4,534, 15 minute interval. 


Fic. 4,532.— Text Continued. 


pushing against the rod F, moves the small pivoted frame work which carries one of the 
bearings of shaft 2, and disengages the worm wheel of shaft 2, from the worm of shaft 1. 
The weight of the pen and pen arm is counter-balanced by weight B, and the adjustable 
weights C, are so placed as to cause the pen to immediately swing to the zero position when 
its driving gears are disengaged. When falling to the zero position, the rotation of the 
worm on shaft 2, moves the swinging sector V, against which the pin G, of the gear wheel 
eventually strikes and thus limits the backward movement of the pen. When pressure 
on rod F, is relieved, the spring E, returns the pen mechanism into mesh. The upper clock 
spring I, actuates the timing device. The speed of the clock is controlled in the usual man- 
ner through the escapement mechanism on which the torque is held constant by a differ- 
ential spring governor. At the proper time interval, the trip on shaft M, allows the shaft 
K, to rotate with a speed of rotation that is limited by the governor. Simultaneously, the 
reset wheel Y, is given a quarter turn, causing a movemen: of the bell crank H, and a con- 
sequent tripping of the pen. Just before the pen begins to fall back, however, the large 
gear on the spring drum rotates a fraction of a turn and advances the paper roll. The paper 
chart unrolls from spindle W, passes upward over the face ef roll N, and rerolls on the belt 
driven spool X. 


— 
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l. Those in which the speed of the indicator in moving up its scale 
under constant load, is constant, or at any load, is proportional to the 
load. 


2. Those in which the speed diminishes with the time of the deflection. 
The demand interval for meters of this class is ordinarily considered to 
be the time required for the instruments to indicate 90 per cent of the full 
value of a steady load which is thrown suddenly on it. 





Fic. 4,535.—Front view of Sangamo maximum demand register, showing &w. demand sca'e 
and £e. hour Cials for a 10 ampere, 110 volt, single phase meter. 


A recording or curve drawing demand meter is one which 
gives the load time curve of an installation cr system. 


The demand interval may be of any specified length, and the demand 
periods may be taken as beginning at specified times of the day or may 
be timed so as to include the maximum average load occurring in any 
period of the chosen duration. Curve d:awing or graphic recording in- 
struments are obtainable in many varieties and makes. 


The various types of demand meters in general use are 
‘shown in the accompanying illustrations. 
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Figs. 4,536.— Westinghouse recording cemand watt hour meter Ciagrara of connections for 2 
or 3 phase, 3 wire, without trans.ormers. 

Figs. 41,537.— Westinghouse recorcing « emand watt hour meter Ciagram of connections [ог 2 
or 2 phase, 3 wire with current and voltage transiormers. 
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TEST QUESTIONS 


What is a demand meter?* 

Define the term "demand meter." 

What is understood by the. term "stand by service"? 

What kind of a quantity is measured by demand 
meters? 

What is the electrical element of a demand meter? 

Describe the construction and operation of the San- 
gamo maximum register. 

What is the time element of-a demand meter? 

Give classifications of demand meters. 

What is an integrating demand meter? 

Name two types of integrating meter? 

Describe a lagged demand meter. 

Name two types of lagged demand meters. 

What kind of a record is made by a recording or 
curve drawing demand meter? 

Describe the construction and operation of a curve 
drawing demand meter. 
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CHAPTER 86 


Miscellaneous Meters 


In addition to the meters already described in the preceding 
chapters, there are a few instruments which should be here 
considered; such as 


INDUCTANCE 





Fic. 4,538.—-Single phase power factor meter of the rotating field or disc type. 


1. Power factor meters; 
2. Phase indicators; 
3. Synchronism indicators; 


и 
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CURRENT TERMINALS 





LINE VOLTAGE 


Fic. 4,539.—Elements of rotating field type power factor meter illustrating principle of 
operation. 7n construction, N and M, are two coils fixed at right angles to each other 
with their axes in the same plane. The coils are wound with :. large number of turns of 
fine wire and are connected in a split phase arrangement, one coil being connected in series 
with an inductive resistor and the other in series wilh a non-inductive resistor. The two 
sets are then connected in parallel across the line of the circuit to be measured. The currents 
in these two coils are almost in quadrature so, when the coil M, is active in producing a 
field in the direction AB, the current in coil N, is zero. One quarter cycle later, the current 
in coil M, becomes zero and the current in coil N, is producing a field in direction DC. This 
is not a sudden jump, but a gradual decrease of current in M, and, a gradual increase of 
current in N, thereby producing a steadily progressing shifting of the resultant magnetic 
axis írom AB, to CD. In another quarter cycle, the current in N, is zero, but the current 
has built upin coil M, in the opposite direction, changing the axisoí the field to direction BA. 
In another quarter cycle, the coil M, is again zero, but the current has reversed to maximum 
in coil N, producing a field in direction DC. Therefore, in every cycle, the axis of the mag- 
netic field has made one gradually changing sweep completely around the whole circle, pro- 
ducing the so-called “rotating field.’’ Inside of the two coils N and M, is placed an iron 
vane or armature, magnetized by a coil G, and pivoted so that it can rotate with its axis 
in the plane of the axes of the coils M and N. Througn this coil passes a current in phase 
with the current of the circuit to be measured. As the iron vane will be attracted or re- 
pelled by the fields of the coils N and M, it takes up a position so that when the current 
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4. Frequency meters; 
5. Surge indicator, or klydonograph. 


Power Factor Meters.—Meters of this class indicate the 
phase relationship between pressure and current, and are 
a eee RESISTORS 
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Fic. 4,540.—Connection diagram for General Electric power factor meter; 6 wire, 4 phase 
circuits. 


Fic. 4,539—Text continued. 

wave reeches its maximum, the axis of the iron vane will coincide with the axis of the 

rotating field at that particular instant. Thus, if the current reach a maximum when the 

rotating field has reached the position AB (when the current in coil N, is in phase with the 

.current in coil M), the vane will assume a position AB. Should the current lag, however, 

and not reach a maximum until the field has rotated to position EF, then the vane would 

assume the position EF, and, by suitably graduating the scale, will read directly the cosine 
or sine of the angle between AB and EF. 

NOTE.—lIn fig. 4,539, should the current lag 90°, the rotating field would have advanced 
to CD, before the current reached its maximum and the vane would assume position CD. 
The vane will assume a definite position for any phase relation between current and voltage 
anywhere in the whole 360° of each cycle. From the foregoing it is readily seen that 
the deflection depends on the angle between current and voltage, but since each angle indica- 
tion is marked with the cosine or the sine instead of the angle, the meters read directly in 
power factor and reactive factor. Because it is impossible to have the current Jag exactly 90° 
in a split phase arrangement, the coils M, and N, are not exactly 90? apart. Thus if the coils 
were placed exactly 90? apart, the rotating field would shift slower from AB, to CD, than it 
did from CD, to BA, and produce a distorted scale. Therefore, the angle BOD, is made 
greater than the angle DOA, producing an evenly rotating field, and a scale with symmetrical 
quarters. 
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therefore sometimes called phase indicators. There are two 
types: 
1. Watt meter type; 2. Disc, or rotating field type. 


CURRENT 
TERMINALS 





Ó 
NOLTAGE TERMINALS 


Pic. 4,541.—-Elements of three phase rotating field type power factor meter. In the 
three phase instrument, the two voltage coils and the split phase resistor reactor, are replaced 
with 3 coils, wound with their axes, 120° apart, as here shown. By connecting in Y, and 
connecting to a three phase circuit, a uniformly rotating field is produced, giving the same 
characteristic scale marking as the single phase circuit wave produced. The only difference 
between the action cf the single phase and the three phase instruments lies in the method 
of producing the rotating field. 


Watt Meter Type.— 


In this construction, the phase relation between the pressure and the 
current fluxes is such that on a non-inductive load the torque is zero. 


For instance, in a dynamometer watt meter, the pressure circuit is made 
highly inductive and the instrument then indicates volis X amperes X sin à 
instead of volls X amperes Xcos ф, that is to say; it will indicate the wattless 
component of the power. .A dynamometer of this type is sometimes called 
an idle current watt meter. 
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Disc or Rotating Field Type.— 


A single phase power factor meter of the disc or rotating field type con- 
sists of two pressure coils, as shown in fig. 4,538, placed at right angles to 
each other, one being connected through a resistance, and the other through 
an inductance so as to “split” the phase and get the equivalent of a ro- 
tating magnetic field. 
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Fic. 4,542.—Sectional view of polyphase rotating field type power factor meter. 


The coils are placed about a common axis, along which is pivoted an 
iron disc or vane. The magnetizing coils FG, are in series with the load. 
If the load be very inductive, the coil M, experiences very little torque and 
the system will set itself as shown in the figure. As the load becomes less 
inductive, the torque on S, decreases and on M, increases so that the sys- 
tem takes up a particular position for every angle of lag or lead. 


Power factor meters are designed to show the power factors, lagging or 
leading, at which various lines are operating. These instruments are 
adapted for balanced systems only 


In connecting, if it be found by trial that the needle swings to the wrong 
side of the scale with leading or lagging current, the potential leads to the 
line from the resistor should be interchanged at some point between the 
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Vic, 4,543.—Diagi am of single phase rctating field type power factor meter showing operation. 
In this meter the spiral control spring is omitted, and electro-maguet.c control provided. Two 
moving coils a.e used, rigidly fastened with their axes at right angles toeach other. Coil M, 
is in series with a non-inductive resistor and the coil M’, is in series with an inductive reactor. 
Consequently, the current in M, is in phase with the voltage while the current in M’, lags 
almost 90° behind it. The stationary coils carry a current proportional to, and in phase with 
the current of the load being measured. At 10095 power factor, the current in S S', and M, 
are in phase; therefore, their axes tend to coincide. The current in M', is almost 90? out of 
phase, consequently there is practically no reaction or attempt to align axes between M' and 
SS’. l.owever, should the current in S S, lag 90? it would be in phase with the current in 
M’, and ont of phase with the current in M. Then the coil M', would have the greatest 
tendency to align its axis with that of S S', and asthe coil M, now has no such tendency, the 
result would be a movement of the pointer, attempting to bring about such alignment of axes. 
If the current should only lag 45°, then both coils would make equal efforts to align their axes 
with the axis of coils S S’, but since they cannot both attain their object, and since they are 
both rigicly connected, they take a resultant position which would be marked 70% power 
factor on the dial. For any degree of lag or lead of current, the two coils strike a resultant, 
depencing on the phase angle between the main current in coils S S’, and the current in the 
coils M and M'. It will be seen that, since there is no control spring, and since the position 
assumed depends on the phase angle between the current and voltage (currents in M and M’) 
and not on their magnitude, the positions could he marked in degrees of phase difference. 
Instead of this, however, each position is marked with the cosine of the angle of phase 
difference and consequently reads directly in power factor. It may be said that the instru- 
ment responds to the angle, but indicates the cosine. 


NOTE.—in actual practice, it is very rare to meet or measure power factors below 40%, 
so that the instrument is arranged to omit all power factors below 40% lag and below 60% 
lead thus making a symmetrical 90? scale containing all the practical working values met in 
actual service. The single phase instrument is slightly affected by large variations from the 
normal frequency. 


Ms Aim => У" 
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resistor and the line, or between the resistor and the secondaries of the 
potential transformers, as conditions may require. 


One method of checking the connections of a 2 wire, 3 phase power factor 
indicator in order to detetmine whether the current be leading or lagging 
the voltage of the circuit is to short circuit the current terminals of the 
power factor meters by means of a piece of wire. If the pointer move 
toward lag, then the connections aze correct. This is true whether the 
instrument be indicating cither a leading or a lagging power factor. 
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Fri. 4,544.— Diagram of three phase rotating field type power factor meter. 'The moving coils 
are connected in series witn separate non-inductive resistors to two phases of a three phase 
circuit. The current is taken from the third phase. Conse juently at 10075 power factor, the 
current in one voltage coil leads the main current by 30* 2nd in the other phase, it lags 30°. 
At 100% power factor, there is equal effort of coils to align . heir axes and the resultant posi- 
tion is that shown. Should the current now lead or lag, one ur the other coil will have greater 
aligning effort, consequently changing the position of the moving element and assuming a 
definite position for each change of the phase angle or pawer factor. As in the single phase, 
the scale is marked in cosines, so that it reads the power factor direct. It covers a range of 
from 40% lag to 60% lead. As the 3 phase instruments contain 1.0 inductive circuits, they 
snay be used on circuits of any frequency. Power factor meters attair their highest accuracy 
«hen the current is from 2 to 5 amperes and the voltage from 75 to !25 volts. The three 
chase instruments having only one current coil, do not record the aver»ge power factor of an. 
unbalanced three phase circuit. They are designed for balanced circu:ts such as rotary con- 
verter or polyphase motor circuits. 
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Phase Indicators.— This type of instrument is intended for 
“phasing out” particularly in making relay connections or other 
connections where a current of a specific phase should be selected 
in regard to a particular voltage connection. 





Fic. 4,545.—Westinghouse portable phase indicator. 


The phase indicator makes it possible to determine exact 
phase relations and avoid incorrect connections which may cause 
costly failures of service. 

In making any connection where a current of a particular phase should 
be selected in regard to a certain potential connection, the phase indicator 


is of value. The portable phase indicator, as shown in fig. 4,545, is a 
moving vane type instrument similar in operation and construction to a 
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power factor meter but having a uniform circular scale marked off in 360 
electrical degrees. 


It operates on the principle that a suitably pivoted iron vane, 
when placed in a rotating field and magnetized by alternating cur- 
renis, will assume a position depending on the phase difference 
between the current magnetizing the vane, and the vollage producing 
the rotating field. 

CURRENT VOLTAGE 






RESISTOR 


вом 
VANE 


Fic. 4,546.—Diagram of Westinghouse portable phase indicator. 


The rotating field is produced by a split phase winding connected to 
the voltage circuit. In this field is a movable iron vane magnetized by a 
stationary coil which is part of the current circuit. The iron vane, to 
which the pointer is attached, is acted upon by the rotating field, and the 
vane will take up a position so that when the current reaches its maximum, 
the axis cf the iron vane will coincide with the axis of the rotating field 
at that particular instant. : 

The vane will assume a definite position for any phase relation between 
current and voltage. When used to determine the phase angle between 
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the current and voltage in, say, a power directional relay, the method is 
obvious and the results are easy to interpret. 


The only difficulty likely to be encountered is when one of the vectors 
may be reversed 180°. In order to check this condition, it is well to ex- 
amine the operation of the relay itself. 


Synchronism Indicators.—These devices, sometimes called 
synchroscopes, or synchronizers indicate the exact difference in 





Fic. 4,547.—General Electric synchronism indicator showing relation between the motor and 
the pointer. 





Fias. 4,548 and 4,549.—Synchronizing receptacle and plug. 


phase angle at every instant, and the difference in frequency, 
‘between an incoming machine and the system to which it is 
to be connected, so that the coupling switch can be closed at 
the proper instant. 


a 
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There are several types of synchronizer, such as 


]. Lamp or volt meter; 
2. Resonance or vibrating reed; 
3. Rotating field. 


Lamp or Volt Meter 
Type. 


The simplest arrangement con- 
sists of a lamp or preferably a 
volt meter connected across one 
pole of a two pole switch con- 
necting the incoming machine 
to the busbars, the other pole 
of the switch being already 
closed. 


If the machines be out of step, 
the lamps will fluctuate in 
brightness, or the volt mete 
pointer will oscillate, the pul- 
sation becoming less and less 
as the incoming machine ap- 
Fic. 4,550.—-Gencral Electric synchronism indicator proaches : Syne hronous speed. 

with cover dial and pointer removed. Synchronism SIS shown by the 
. lamp remaining out, or the volt 
meter at zero. 








Resonance or Vibrating Reed Type.— 


'This type operates on the same principle as the resonance type of fre. 
quency indicator, later described. 


Rotating Field Type.— 


The operation of the rotating field type depends on the production of a 
rotating field by the currents of the metered circuits in angularly placed 
coils, one for each phase in the case of a polyphase indicator. In this field 
is provided a movable iron vane or armature, magnetized by a stationary 
coil whose current is in phase with the voltage of one phase of the circuit.. 


u-—— n /'——— n— Pl —— — 
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Back View 









Resistor and 
Reactor 


Synchronism 
Indicator 


Synchronizing Buses 


Receptacle з o Receptacle 
Startin Runnin 
Plug Я Plug B 
Polarity Polarit 
Marks агк5 
110 Voits 110 Volts 
“Ground Ground 


To Corresponding Phases of Machines 
or Buses being Synchronized 


Fra. 4,551.—Connections of General Electric synchronism in- 
dicator with potential transformer, secondaries grounded. 


Ás the iron vane 
is attracted or re- 
pelled by the rotat- 
ing field, it takes 
upa position where 
the zero of the ro- 
tating field occurs 
at the same instant 
as the zero of its 
own field. In the 
single phase meter 
the positions cf 
voltage and current 
coils are inter- 
changed and thero- 
tating field is pro- 
duced by means of 
a split phase wind- 
ing, connected to 
the voltage circuit. 


The method is 


that of the split 
phase bipolar syn- 
chronous molor 
with separate alter- 
naling current ex- 
citation. 


NOTE.— The principle of operation of the rotating field type, synchronism indicator is 
the same as that of the power factor meter, accordingly a detailed description of how they 
measure phase angle differences would only be a repetition of that section. The only difference 
lies in the winding of the internal coil which magnetizes the iron vane. This is wound with a 
large number of turns of fine wire, and is connected in series with a resistor, directly across the 
voltage of the machine being synchronized. The lower terminals are connected to the bus bar, 
and consequently, the magnetic axes of the rotating field rotate in synchronism with the bus 
bar, while the magnetism in the iron vane is in phase with the voltage of the machine being 


synchronized (incoming machine). 


и 
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Phase displacement is accomplished by a reactor and a resistor both 
mounted externally. 


The motor field is energized by a single phase current from one of the 
machines to be synchronized (the running machine) and its armature 
from the other (the starting machine). 


Since the armature coils are nearly perpendicular to each other and 
as one is connected to the reactor and one to the resistor, a rotating 
field is generated in the armature with the alternating of the current in 


the stationary field. 
1 
a | | 
А 


Fic. 4,552. —Пларгат of Weston induction type frequency meter connections. ‘fhe coils are 
connected in series across the line; with a reactor in series with one and a resistor in series 
with the other. A resistor is connected in parallel with one coil and the reactor, and a re- 
actor is connected in parallel with the other coil and the resistor; then the whole combination 
is connected in series with a reactor, the purpose of which is to damp out the higher har- 
monics. The circuits, as shown, form a Wheatstone bridge. which is balanced at normal 
frequency. An increase in frequency will increase the reactance of the reactors and thus 
upset the balance of the bridge, allowing more current through one coil and less through 
the other. 








The armature tends to assume a position where the field set up in the 
armature coincides with the alternating field in the stator when the latter 
passes through its maximum intensity. The armature and the pointer 
attached to the armature shaft will therefore move forward or backward 
at a speed corresponding to the difference in the frequency of the two 
machines. 


When the machines are running at the same frequency (the same speed 
if both machines have the same number of poles) the pointer will become 
stationary, and its position when stationary will depend upon the phase 





СА 


, 
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relation existing between the two machines. Coincidence in phase is shown 
when the pointer remains stationary in the vertical position at the marked 
point at the top of the dial. The machine should be “thrown in” when 
this position is indicated. A complete revolution of the pointer indicates 
a gain or loss of one cycle in the starting machine. 


Frequency Meters.—A frequency meter or indicator is an 





F16. 4,553.- -Interior view of Frahm vibrating reed frequency meter. Frequency indication is 
obtained from the vibration of certain units in a row of tuned steel reeds, visible through an 
oblong opening in the scale plate of the instrument. The principle underlying the construc- 
tion is that of resonance, subjected to rhythmic impulses of the same frequency as the 
natural period of vibration of the body itself. The parts are: A, armature of the electro- 
magnet M; B, bridge piece on which are mounted the reeds R, armature A, also is mounted 
on B; D, amplitude adjusting screw by which the air вар between A and M, is set; G, pro- 
tective series resistance for M; M, electro-magnet; R, tuned reeds, each one of which is ad- 
justed to respond by resonance to a given mechanical vibration set upin B, through A, by the 
alternating current in M. In construction, a number of reeds R, each about 34 in. wide, 
consisting of special spring steel, carefully tempered and nickel plated, are screwed in a row 
to a hridge piece B, to which is attached the armature A, of a small electro-magnet М. 
mounted close to it. When the instrument is connected across the circuit the frequency of 
which is to be measured, the current, after Passing through a series resistance G, excites the 
electro-magnet which thus imparts to the armature A, one impulse for each cycle of current 
if the core of the electro-magnet is a permanent magnet, and two impulses for each cycle of 
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iastrument used for delermining the frequency, or number of cycles 
ber second of an alternating current. 

There are several forms of frequency indicator, whose prin- 
ciple of operation differs, and according to which, they may 


be classed as 
lae 


|| 
| ee 
Fies. 4,554 and 4,555.—Side and end views of Frahm resonance type frequency meter reeds, 
wing to the principle emvloved in the meter it is evident that the indications are inde- 
pendent of the voltage, change ot wave form, and external magnetic fields. ` 


1. Synchronous motor type; 
2. Rescnance type; 
3. Induction type. 
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Synchronous Motor Type.— 


In this type a small synchronous motor is connected in the circuit of 
the current whose frequency is to be measured. After determining the 


Fic. 4,553.— Text Continued. 

current if the core of the electro-magnet is of soft iron. The vibration of the armature A, is 
transmitted to the reeds R, and just as one tuning fork will respond to another having the 
same period of vibration, so will that reed which is in tune with the frequency of vibration of 
the armature, at once respond vigorously. The scale at the point opposite this reed is 
marked with the number of cycles per second of the alternating current, and hence the fre- 
quency is clearly indicated. In order to give a clear indication, the reeds have a small portion 
of their upper ends bent over at right angles and enamelled white, so as to make them con- 
spicuous against the black interior of the instrument. 


-- 
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READING: 60.0 
56 58 60 62 64 
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READING = 601 
£6 58 60 62 64 





READING- 60.25 


Fics. 4,556 to 4,558.—How toread a Frahm frequency meter. Vibration begins at about 2% 
below the exact value to which the reed is tuned, reaches its maximum at the exact value and 
extends to about 2% above that value. Therefore more than one reed usually is in motion 
and from the respective lengths of the banks formed by the vibrating reeds across the scale 
opening the exact value of the frequency may be estimated down to one-fourth ef the interva, 
between successive reeds. On the upper scale the reading is very evidently 60. On the lower 
scale, the reeds indicating 60 and 60.5 are vibrating equally, so that the reading is half way 
between these two values, thatis60.25. Referring to the middle scale, it will be seen that the 
reed indicating 60 is vibrating more than any other, so that the reading is therefore nearer 
to 60 than to any other scale division." Furthermore, the reed indicating 60.5 is in next 
greatest vibration, so that the reading is again between 60 and 60.5. However, the reed 
indicating 60 is vibrating with an amplitude about three times that of the reed indicating 
60.5, so the reading is now one-quarter way from 60 toward 60.5 instead of one-half way. 
That is, the reading is 6014 or approximately 60.1. 


—_- — + -— —-— 
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revolutions per minute by using a revolution counter, the frequency is 
easily calculated as follows: 


frequency — (revolutions per second x number of boles)-- 2. 


Resonance Type.— 
чо E eS 


dn construction the resonance type consists of a pendulum, or reed, of 
given length, which responds to periodic forces having the same natural period 
as itself. 





Fic. 1,559.—General Electric resonant circuit type frequency meter. 


The instrument comprises a number of reeds of different lengths, mounted 
in a row, and all simultaneously subjected to the oscillatory attraction 
of an electro-magnet excited by the supply current that is being measured. 
The reed, which has the same natural time period as the current, will 
vibrate, while the others will remain practically at rest. 


The construction and operation of the instrument may be better under- 
stood from figs. 4,554 and 4,555, which illustrate the indicating part of 
the Frahm meter. This consists of one or more rows of tuned reeds rigidly 
mounted side bv side on a common and slightly flexible base. 
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The reeds are made of spring steel, 3 or 7 mm. wide, with a small por- 
tion of their free ends bent over at right angles as shown in fig. 4,555 
and enameled white so that when viewed end on they will be easily visible. 
The reeds are of adjustable length, and are weighted at the end. 


A piece of soft iron, rigidly fastened on the base plate which supports 
the reeds, forms the armature of a magnet. 


When the magnet is excited by alternating current, or interrupted 
direct current, the armature is set in vibration, and that gives a slight 


movement to the base plate at right angles to its axis, thereby affecting 





Fic. 4,560.—Langsdorf and Gegole frequency meter. The operation of this meter is based 
on the fact that if an alternating pressure of E volts be impressed on a condenser of ca- 
pacity C, in farads, the current in amperes will be equal to 2r EC, provided the pressure 
be constant. Jn construction, the scale is mounted on the same axis as the pressure coil, 


across the mains so as to render the instrument. independent of variation of voltage. Fora 
discussion of this meter, see Electrical Review, vol. LVIII, page 114. 


all the reeds, especially those which are almost in tune with its vibrations. 


The reed which is in tune will vibrate through an arc of considerable 
amplitude, and so indicate the frequency of the exciting current. 


The resonance type is used for laboratory work, 


Induction Type.— 
—— 

This form of frequency meter consists of two volt meter electro-magnets 
acting in opposition on a disc attached to the pointer shaft. 


One of the magnets is in series with an inductance, and the other with 
a resistance, so that any change in the frequency will unbalance the forces 
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acting on the shaft and cause the pointer to assume a new position, when 
the forces are again balanced. 


The aluminum disc is so arranged that when the shaft turns in one di- 
rection the torque of the magnet tending to rotate it decreases, while the 
torque of the other magnet increases. - The pointer therefore comes to rest 
when the torques of the two magnets are equal, the pointer indicating 
the frequency on the scale. 2 


An object of the aluminum disc is to damp the oscillations of the pointer. 


Surge Indicator or Klydonograph.— There is plenty of evidence 


+ 2 ge Р 


= 





Fic. 4,561.—Elements of induction type frequency meter illustrating principle of opera- 
tion. The actuating force consists of two induction volt meter elements, A and B. These act 
on a disc G, and tend to move the disc and the pointer shaft in opposite directions. One of 
the elements is in series with a resistor H, and the other is in series with a reactor I, so that 
any change in the frequency tends to change the relative strength of the two elements and 
cause rotation. The disc is so shaped that as it moves, the amount of its metal under the 
stronger element becomes less than that under the weaker element, so that with every relation 
between the two electro-magnet strengths there is some point where the torques produced by 
the two elements balance and the pointer comes to rest. 
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that surges of considerable magnitude appear on extensive 
transmission systems and it is undoubtedly desirable that de- 
tailed information concerning them be obtained. 

From what data are available it is rather evident that many 
surges of very high value exist which have an extremely short 
duration. Practically all data concerning these surges have 
been obtained by the use of spark gaps in some form or other. 
It has been assumed that a sphere spark gap can be made to 


Source Resistor-Reactor Source Resistor -Reactor 





Potential Transformer 


Load Without Potential load With Potential 
Transformer Transformer. 


Fics. 4,562 and 4,563.—Connections for General Electric resistor reactor frequency meter, 
and for resonant circuit ty; e frequency meter. A rheostat is place ! on one sice of the re- 
sistance box of the resistor reactor type meter. This rhevstat is use to a ljust the instrument 
for the chara~te-istics of the circuit to which it is connecte!. When first installed, the 
arms On tLe si eof the |.ox should be movet until the nee le oc the instrument indicates the 
frequency as cetezmine1 Ey a stop watch and speed counter. Screws are provided to pre- 
vent acciental mo 'ener.t of the arms, a'ter this a !justment has once been ma^"e. When 
the two arms a-e fa-thest apart, the resistance is cut out; bringing them together puts re- 
sistance in the circuit, the amount of which varies with the position of the arms. No change 
of the rheostat will be necessary after the adjustment has once been mace, as the accuracy 
is not affected by variation of the load in a given machine. 


have practically zero time lag of break down and it has been 
used as a standard in determining the duration of these surges. 
A sphere spark gap has a considerable time lag where the voltage in 


excess of its flashover value is comparatively small. 


The object in the development of the surge indicator is to provide some 
means that will record voltages, whether of extremely short duration or 
not, and to produce a graphic record of detailed information concerning 


~ B – - 
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the surges, such as polarity, magnitude, steepness of application, etc. 
This instrument is lased on an old principle that was first observed in 
1777 by Dr. Lichtenburg and makes use of figures known as Lichtenburg 
figures. Dr. Lichtenburg found that on discharging a condenser such as a 
Leyden jar across a spark gap onto a terminal in contact with an insulating 
plate placed between this terminal and a grounu plate, and then sprinkling 
powder on the plate, the powder would arrange itself ia the form of a 
figure of a very peculiar appearance. 

By using powders cf different colors beautiful figures could be pro- 
duced, the figure produced by a positive charge being entirely different 
from that produced Ly a negative charge. 






PHOTO PLATE 


DIELECTRIC 


ETAL PLATE 





Fis. 4,564.—Elements of the klydonograph or surge indicator. 


In 1888 J. Brown and E. Trowvelot found that on replacing the in- 
sulating plate witn a sensitized photographic plate, the emulsion being in 
contact with the terminal, and developing the plate, figures very similar 
to those produced by’ Lichtenburg were found. Since Dr. Lichtenburg's 
time the Lichtenburg figures have been studied by many investigators. 
The most recent study was a very complete exposition of these figures 
given by P. O. Pederson. 


Apparently very little is known about the actual cause of the Lichten- 
burg figure on photographic plates, although many investigators have at- 
tempted an explanation of this phenomenon. The elements of a surge 
indicator in its simplest form are shown in fig. 4,564. The photographic 
plate. of course, must be placed in a dark box. 
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Fics. 4,565 to 4,567.—Ditferent wave fronts as detected by the klydono- 
graph. Fig. 4,565, sheer front wave, fg. 4,566, tape ed front wave; fig. 
4,567, alternating wave. 

















| 
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Fic. 4,568.—Type of klydonograph used to record the surges shown in the accompanying 
illustrations. 
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If a voltage be impressea between the terminal and ground plate, as 
at E, on developing the photographic plate figures will appear that will 
give pertinent information concerning the nature of the voltage impressed 


If the voltage be in the form of a surge, that is, uni-directional, either with 
a sheer front as indicated in fig. 4,565, or tapered front, as in fig. 4,566, 
the figure on the photographic plate will differentiate between the tapered 
front and the abrupt front, and it will also indicate whether the surge was 
of positive or of negative polarity. 








[A 


Fics. 4,569 to 4,577.—Klydonagraph records of various surges. No. 3, positive surge with 
an abrupt front; No. 4, negative surge with a steep front; Na. 5, a surge of a wave similar 
to fig. 4,566, with a 5 microsecond front; No. 6, negative surge with a 5 microsecond front; 
No. 7, positive surge with a 200 microsecond front; No. 8, negative surge with a 200 micro- 
second front; No. 9, 60 cycle alternating vo'tage; No. 10, positive surge above the working 
range of the instrument; No. 11, negative surge occurring ahove the working range of the 
instrument 
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Again, if the surge be alternating, as in fig. 4,567, the figure will dif- 
ferentiate between it and the uni-directional surges. A wave with a 5 
microsecond front requires five millionths of a second fur the voltage to 
rise to its full value. Expressed in terms of a traveling wave on a trans- 
mission line, this 5 microsecond front would represent a taper extending 
over one mile of transmission line. 


À wave with a 40 microsecond front would correspond to a taper of 40 
miles of a transmission line. In case the voltages are higher than those 
represented by figs. 4,576 and 4,577 a spark will occur and fog the plate. 





SURGE GENERATOR 


Fic. 4.578.—Network used to produce surges in the laboratory. 


MAGNITUDE 





== = 
Fic. 4,579.—Typical surge procuced by the network of fig. 4,578. 


It is interesting to note that the positive and negative surges maintain a 
' decided “difference i1 appearance right up to the point where a spark 
occurs. Fig. 4,568 shows the klydonograph that was used in obtaining 
all of the figures shown and is a convenient form for certain kinds of lab- 
oratory work. It is not suitable, however, for graphic work. 


Figs. 4,578 and 4,579 show network used in the laboratory and typical 
surge produced by it. The diameters of the figures give a measure of the 
magnitude of the surges. The positive and negative figures have different. 
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calibrations, the figure for positive surge being considerably larger tian 
that for the negative surge of the same magnitude. 


Ground Detectors.—Instruments of this name are used for 
detecting (and sometimes measuring) the leakage to earth or 





| 


Fi5s. 4,580 and 4,581.—Experimental recording type of klydonograph. 


the insulation of a line or network and are sometimes called 
ground or earth indicators, ov leakage detectors. 


For systems not permanently earthed anywhere, these instruments are 
nearly all based on a measurement, of the pressure difference between each 
pole and earth, two measurements being required for two wire systems, 
and three for three wire, whether direct current single phase, or polyphase 
alternating current. In the case of direct current systems, the in- 
sulation, both of the network and of the individual lines, can be calculated 
from the readings, but with alternating current, the disturbance due 
to capacity effect is usually too great. In any case, however, the main 
showing the smallest pressure difference to earth mttst be taken as being 
the worst insulated. 


For low tension systems moving coil (for alternating current) or moving 
£ iron instruments (for direct current) are the most used, while for high 
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tension systems electrostatic volt meters are to be preferred. On sys- 
tems having some point permanently earthed at the station, as for 
instance the neutral wire of a direct current system, or the neutral point 
of a three phase system, an ammeter connected in the earth wire will serve 
as a rough guide. It should indicate no current so long as the insulation 
is in a satisfactory state, but on the occurrence of an earth it will at once 
Show a deflection. The indications are, however, often misleading and 
serve more as a warning than anything else. 





CONDUCTING 
== SPRING 


GROUND = 


Fics. 4,582 and 4,583.—Kiements of electrostatic tere cf volt meter and single phase 
ground deteccor illustrating principle of operation. 7 t ese instruments depend for their oper- 
ation on tne attraction between a statically charged stationary vane and an oppositely 
charged, an:l suitably pivoted moving vane. In the static volt meter fig. 4,582, the stationary 
vane A, is charged with the polarity of line B, through the condenser C, while the movable 
vane D (pivuted at E,), is charged with the polarity of line B’, through the condenser C’. The 
vane A, is so shaped and spaced from the vane D, that when it is charged, it tends to attract 
the vane D, to the extreme right hand side. This attraction is opposed both by the counter 
weight F, and a weak spiral controlspring. Therefore, itsdeflection becomes a measure of the 
voltage applied to the condensers C and C’, and is indicated on a suitably graduated scale. 
In the single phase ground detector, two stationary vanes are used, both acting on one moving 
vane, so that in case of thoroughly insulated lines, there is no deflection. Referring to fig. 
4,583, the stationary vanes are represented by A and A’, connected through condensers C and 
C’, tolines B and B’. Assuming the charges on A and A’, to be equal, the pointer indicates 
zero. If a ground occur on line B, the charge on À, is we2kene4, thus permitting the charge 
on A’, to draw the moving element more within its intluence against the action of the counter 
weight ЕЁ, and the controlling spring. The deflection depends upon the extent of the ground 
or B. The pointer always indicates away from the grounded line. 











e 


GROUND c 


Fic. 4,584.—Elements of three phase electrostatic ground detector. In this three phase instru- 
ment the moving vane is a spheroid, or part of a spherical shell, and is mounted on a uni- 
versal joint, having a vertical and horizontal shaft, permitting the element to deflect in any 
direction. Each shaft has a spiral control spring which holds the vane normally in center 
position.’ A suitable counter-weight balances the weight of the vane. There are three sta- 
tionary vanes provided, each connected to its respective phase by means of a suitable con- 
denser. There is no scale marked on the three phase instrument, but grounds show up by 
indicating various positions marked on the glass. A, A’, and A” represent the three sta- 
tionary vanes connected to the three phase lines, B, B' and B", through condensers C, C’ 
and C". The movable vane D,is permanently grounded. Assuming no grounds on the lines, 
the charges A, A’ and A", attract the vane D, equally, and consequently it stays in the 
center, its position being indicated by a black dot in the center of the vane, which is visible 
through the circle painted on the glass. Ifa ground occur on line B, the static charge on the 
vane A, is weakened, and as vanes A’ and A” pull equally, the vane is deflected midway under 
vanes A’ and A”. Likewise, grounds on either of the other lines will cause a deflection away 
from the grounded lines. Two grounded lines, which should cause deflection toward the 
ungrounded line, if great enough to cause deflection will generally be manifested by excessive 
current and damage at the points of ground. 


NOTE.—The advisability of using a ground detector depends to a large extent on the oper- 
ating conditions of the circuit. In systems where the voltage is high and there is large electro- 
static capacity, as is the case in conduit distributing systems in large cities, or, in general, 
where there is large electrostatic charging current, a partial ground has the same effect as a 
violent short circuit and causes sufficient destructive effect to transmit the trouble to other 
conductors. In some large overhead distributing systems, the total leakage under norma! 
operating conditions, especially in wet weather, is sufficient to indicate grounds It is obvious 
that in all such cases nothing is gained by installing a ground detector. Asa rule, on any system 
in which one conductor might become grounded without this fact being made evident by the 
tripping of circuit breakers or a similar result, the use of ground detectors is recommended. If 
the conditions be such that a ground on one conductor immediately manifests itself in some 
positive naanner without re'erence to t! e ground detector, such an instrument. is superfluous. 
This practically limits the application of ground detectors to overhead lines which do not have 
a grounded neutral and to comparatively small underground systems. 





2,662 Miscellaneous Meters 










Fic. 4,585.— Westinghouse ground detector 
with one vane removed to show move- 
ment. 


Fic. 4,586.— Westinghouse single phase static 
ground detector. 


FiG. 4,587.— Westinghouse three phase 
static ground detector. 





NOTE.—On high tension circuits no other than the electrostatic type of ground detector 
is practicable where indications which are at all sensitive are required. To connect other types 
of instruments to the primary in series with their necessary resistances would consume an exces- 
sive amount of energy and produce dangerous conditions at the switchboard, while ground 
detecting volt meters connected to the secondaries of transformers are not at all sensitive. The 
electrostatic ground detectors are connected to the circuit through condensers, and are hoth 
sensitive and economicat. 
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TEST QUESTIONS 


Name a few meters of a miscellaneous nature. 
What is the construction of a power factor meter? 
Name two types of power factor meters. 

How does a watt meter type power factor meter work? 


Describe the disc or rotating field type of power fac- 
tor meter. | 


What is the ordinary range of power factor measure- 
ments? 


What is a phase indicator intended for? 


Give one method of checking the connections of a 
3 wire, 3 phase power factor indicator. 


What is the special use of the phase indicator? 

State briefly the principle on which phase indicators 
operate. 

What is a synchronism indicator? 

Name three types cf synchronism indicators. 


Describe thz lamp or volt meter type cf synchronism 
indicator. 


Describe ih2 rotating field type of synchronism in- 
dicator . 


What is the principle of operation cf the rotating 
field type synchronism indicator? 


What is thz object cf a frequency meter? 

Name three types cf frequency meters. 

Describe the several types of frequency indicators. 
Explain how to read a Frahm frequency meter. 
Describe the Langsdorf and Gegole frequency meter. 
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21. What is a surge indicator or klydonograph? 
22. How does the klydonograph work? 


23. Describe the construction and operation of ground 
detectors. | 
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CHAPTER 87 


Wave Form Measurement 


The question of wave form is of special interest to the power 
station engineer. Upon it depends the answer to the ques- 
tions: whether he may ground his neutral wires without get- 
ting large circulating currents; whether he may safely run any 
SINE WAVE 
DISTORTED WAVE 


PEAKED WAVE 







Fic. 4,588.—Various wave forms. The sine wave represents a current Or pressure which varies 
according to the sine law. A distorted wave is due to the properties of the circuit, for instance, 
the effect of hysteresis in an iron core introduced into a coil is to distort the current wave by 
adding harmonics so that the ascending and descending portions may not be symmetrical. A 
peaked wave has a large maximum as compared with its virtual value. A peaked wave 15 
produced by a machine with concentrated winding. 


combination of his alternators in parallel; whether the con- 
stants of his distributing circuit are of an order liable to cause 
dangerous voltage surges due to resonance with the harmonics 
of his pressure wave; what stresses he is getting in his insula- 
tion due to voltage surges when switching on or off, etc. 
The desirability of a complete knowledge of the manner in 
which the pressure and current varies during the cycle, has 
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resulted in various methods and apparatus being devised for 
obtaining this knowledge. The apparatus in use for such pur- 
pose may be divided into two general classes, 

1. Wave indicators; 

2. Oscillographs. 





Fic. 4,589.—Genreral Electric oscillograph; portable equipment wired for operation. The table 
has the necessary rheostats, instruments, contral switches and tlm driving motor perma- 
nently mounted on it... The connections for this table are tor use with an arc lamp only. 
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Fic. 4,592.— General Electric oscillograph galvanometer. It is really three combined in one. 
‘While the field windings for the three elements are connected in series and a common winding 
is used for two adjacent elements, the magnetic circuits are sufficiently insulated from each 
other and from the common field winding so that tests can be made with a maximum voltage 
difference between elements of 2,500 volts. The magnets are wound for a circuit of from 100 
to 125 volts direct current and a rheostat should be connected in series to adjust the current 
to .35 ampere. 
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and the methods employed with these two species of apparatus 
may be described respectively as, 


1. Step by step; 
2. Constantly recording. 


that is to say, in the first instance, a number of instantaneous 
values are obtained at various points of the cycle, which are 
plotted and a curve traced through the several points thus ob- 
tained. A constantly recording method is one in which an in- 
finite number of values are determined and recorded by the 
machine, thus giving a complete record of the cycle, leaving no 
portion of the wave to be filled in. 





Fics. 4,593 and 4,534. —General Electric oscillograph Vibrators. Fig. 4.593, standard; fig.4,594, 
high sensitivity. These moving elements or vibrators consist of single loops of flat wire with 
their two sides very close together in a strong magnetic field. A small mirror is cemented 
across the two wires of each loop with its face in a plane parallel with the magnetic lines of 
force. The loops are held in tension by means of small spiral springs in the form of spring 
balances. When current is passed through one of these loops, it causes one side to move for- 
ward and the other backward, thus deflecting the mirror through a certain angle and the 
beam of light which is reflected from it through an angle twice as great. As the current 
reverses, the mirror is deflected in the opposite direction and as it continues to reverse, the 
beam of light is deflected, first in one direction then in the other, from its Position of rest. 
The standard vibrator with 6 oz. tension applied, has a current sensitivity of about .005 
ampere per millimeter deflection with normal field excitation an‘ its free period is approx- 
imately 5,090 complete oscillations per second. The resistance of this vibrator is about 1.5 
ohms. The mirror on this vibrator is .060 in. long by .017 in. wide. The high sensitivity 
vibrator is different from the standard in a few details, but is interchangeable with it. Its 
resistance is approximately the same but its current sensitivity is abaut three times as great. 
With 4 oz. tension applied, it requires about .0015 ampere per millimeter deflection and hasa 
free pe-iod of avproximatety 3,%™) complete oscillations per second. The mirror on this 
vibrator is .030 in. long by .015 in. wide. Although small, this mirror is of sufficient size to 
be readily handled without magnifiers. 
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The various methods of determining the wave form may be 
further classified as: 


Joubert’s method; 

Four part commutator method; 
Modified four part commutator method; 
Ballistic galvanometer method; 

Zero method; 

By Hospitalier ondograph. 


1. Step by step 





Fics. 4,595 to 4,598.—General Electric oscillograph galvanometer cell, with front ‘removed 
showing vibrator in place. The parts are: CG, cell gasket; VSC, vibrator shipping cart- 
ridge; CW, cell window; CF, cell front; PT, pole tips; VS, vibrator seat; VM, vibrator 
mirror; SB, spring balance; B and Bi, bridges; TS, tension screw. 


: thode ray; 
| by use of various types | Siow light. 


2. Constantly recording | of oscillograph, such | moving iron; 
as moving coil; 
hot wire. 


Joubert's Method.— The apparatus required for determining 
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the wave form by this step by step method consists of a gal- 
vanometer, condenser, two two-way switches, resistance and 
adjustable contact maker, as shown in fig. 4,599. 


The contact maker is attached to the alternator shaft so that it will 
totate synchronously with the latter. By means of the adjustable con- 
tact, the instant of "making" that is, of "closing" the testing circuit may 
be varied, and the angular position of the armature, at which the testing 
circuit is closed, determined from the scale, which is divided into degrees. 
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Fic. 4,599.—Diagram- illustrating Joubert’s step by step method of wave form measurement. 


A resistance is placed in series with one of the alternator leads. such 
that the drop across it, gives sufficient pressure for testing. 


In making the test for current wave measurement, switch No. 1 is placed 
on contact -F, and for pressure wave measurement, on contact G, switch 
No. 2 is now turned to M, and the drop across the resistance (assuming 
switch No. 1 to be turned to contact F) measured by charging the con- 
denser, and then discharging it through the galvanometer by turning the 
switch toS. Thisis repeated for a number of positions of the contact maker, 
noting each time the galvanometer reading and position of the contact 
maker, 


By plotting the positions or contact maker as abscisse, and the 
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Fic. 4,600.—Four part commutator method of wave form measurement. The contact 
device consists of two slip rings and a four part commutator. One slip ring is connected to 
one terminal of the source, the other to the volt meter, and the commutator to the condenser. 
By adjusting R, when a known direct current pressure is impressed across the terminals, the 
volt meter can be rendered direct reading. 
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Fic. 4,601.—Modified four part commutator method of wave form measurement (Dun: 
can’s modification). By this method one contact maker can be used for any number of 
waves having the same frequency. Electro-dynamometers are used and the connections are 
made as here shown. The moving coils ave connected in series to the contact maker, and the 
fixed coils are connected to the various sources to be investigated, then the deflection will be 
steady and by calibration with direct current can be made to read directly in volts. 


2,672 Wave Form Measurement 







































FIELD AND 
| ARMATURE, 
| 
| 
| MOTOR 
| ARMATURE 

T ! 

LAMP MOTOR 
| FIELD 
TT 
MAZDA LAMP НАХ ААУ 
RHEOSTAT — li MOTOR 
LIE] 7 TABLE 
LAMP—[-.| fo | Ц не - LIH MOTOR 
| = SYN, Por Moves || о о [вз 5 
| р ay E 
| = Hes 2 
GALV. FIELD а 
RHEOSTAT inl Lb Soo shee 
|. umor 
0.C. FUSE соку - 
(25 АМР) Mr eat 
0.5 АМР) fe: 
SYN. MOTOR 
LAMP RHEOSTAT 
АМР 
Е SYN. MOTOR 
5 АМР) 


VIBRATOR: 
CIRCUITS 


So joc LARC LAMP. /__ |___| ува ува нё: MT 
ARE TWISTED GALV. FIELD UM. EY NCHRONOUS “AC. SOURCE 
PAIRS SHUTTER  ‘Yioros Мотов MAZDA LAMP 





Fic. 4,602.—General Electric oscillograph. Connections for portable. table for use with arc of 
mazda lamp. 
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galvanometer readings as ordinates, the curve drawn through them will 
represent the wave form. 


The apparatus is calibrated by passing a known constant current through 
the resistance. 


Ballistic Galvanometer Method.—This method, which is 
due to Kubber, employs a contact breaker instead of a contaci 
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Fics. 4,603 and 4,604.— Diagram of optical system of General Electric oscillograph. The parts 
are: VM, vibrator mirror; CW, cell window; On, light cut-off; G, prism cylindrical; CL, 
cylindrical lens; OM, oscillating mirror. 


maker. The distinction between these two devices should be 
noted: A contact maker keeps the circuit closed during each 
revolution for a short interval only, whereas, a contact breaker 
keeps the circuit open for a short interval only. 


Fig. 4,605, shows the necessary apparatus and connections for applying 
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the ballistic galvanometer method. The contact breaker consists of a 
commutator having an ebonite or insulating segment and two brushes. 


In operation the contact breaker keeps the circuit closed during all of 
each revolution, except the brief interval in which the brushes pass over 
the ebonite segment. 


The contact breaker is adjustable and has a scale enabling its various 
positions of adjustment to be noted. 


In making the test the contact breaker is placed in successive positions, 
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Fic 4,605.— Diagram illustrating the ballistic galoanometer method of wave form measure- 
ment. The test may be made as described in the accompanying text, or in case the con- 
tact breaker is belted instead of attached rigidly to the shaft, it could be arranged to run 
slightly out of synchronism, then by taking readings at regular intervals, points will be 
obtained along the curve without moving the contact breaker. If this method be used, a 
non-adjustable contact breaker suffices. In arranging the belt drive so as to run slightly 
out of synchronism, if the pulleys be of the same size, the desired result is obtained by pasting 
a thin strip of paper around the face of one of the pulleys thus altering the velocity ratio of 
the drive slightly from unity. 


GALVANOMETER 











and galvanometer readings taken, the switch being turned to F, fig. 4,605, 
in measuring the current wave, and to G in measuring the pressure wave. 
The results thus obtained are plotted giving respectively current and pres- 
sure waves. : 


у 
The apparatus is calibrated by sending a constant current of known 
value through the resistance R. 
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Zero Method.—In electrical measurements, a zero method 
is one im which thc arrangement of the testing devices is such that 
the value of the quantity being measured is shown when the gal- 
vanomeler needle points to zero. 

In the zero method either a contact maker or contact breaker 
may be used in connection with a galvanometer and slide wire 
bridge, as shown in figs. 4,607 and 4,608. 





Fic. 4.606.—Two curves representing pressure and current respectively of a rotary converter 
V. pressure wave; C, current wave. These waves were obtained from a converter which was 
being driven by an alternator by means of a inaependent motor. ‘The rotary converter was 
supplying idle current to some unloade transformers and the ripples clearly visible in the 
pressure wave V, correspond to tne number of teeth in the armature of the rotary canverter. 


The voltage of the battery should be as great as the maximum pressure 
to be measured and its pzéssure must be kept constant. 

In measuring the instantaneous values the bridge contact À, is adjusted 
till the galvanometer shows no deflection, then the length AS, is a measure 
of the pressure. 

The drop between these points can be directly measured with a volt 
meter if desired. 

Mershon modified the test by using a telephone instead of the galvan- 
ometer to determine the correct placement of the bridge contact A. 

The instantaneous values are recorded by attaching to the contact A, 
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Fic. 4,607.—Diagram illustrating zero method of wave measurement with contact maker. 
The voltage oí the battery must be at least as great us the maximum pressure to be measured 
and must be kept constant. 
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Fic. 4,608.—Diagram illustrating zero method of wave measurement with contact breaker, 
The voltage of the battery must he 2* lest as great as the maximum pressure to be measured 
and must be kest constant. 
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a pencil controlled by an electro-magnet arranged to strike a revolving paper 
card at the instant of no deflection, the paper being carried on a drum. 





Hospitalier Ondograph.— The device known by this name is 
a development of the Joubert step by step method of wave 
form measurement, that is to say, the principle on which its 
action is based, consists in automatically charging a condenser 
from each 100th wave, and discharging И through a recording 
galvanometer, each successive charge of the condenser being auto- 
matically taken from a point a little farther along the wave. 


As shown in the diagram, fig. 4,609, the ondograph consists of a syn- 
chronous motor A, operated from the source of the i 
wave form to be measured, connected by gears B, to В 
a commutator D, in such a manner that while the 
motor makes a certain number of revolutions, the 
commutator makes a like number diminished by unity; 
that is to say, if the speed of the motor be 900 revo- 
lutions per minute, the commutator will have a speed 
of 899. 


5) 





| 
| 
ыы 


І 


pcm 
P & 
| 


AAA 


"M 


t Е : 
БУ ТГ? 



































Fic. 4,609.—Diagram of Hospitalier ondograph showing mechanism and connections. It 
represents a development of Joubert's step by step method of wave form measurement. 
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The commutator has three contacts, arranged to automatically charge 
the condenser cc’ from the line, and discharge it through the galvanometer 
E, the deflection of which will be proportional to the pressure at any par- 
ticular instant when contact is made. 

In fig. 4,609, GG’, are the motor terminals, HH’, are connected to the 
condenser CC’, through a resistance (to prevent sparking at the commu- 
tator) and II’, are the connections to the service to be measured. 





Fic. 4,610.—Generat Electric oscillograph film driving head and shutter control inechanisms, 
The worm contact wheel Di, has twelve equally spaced holes around one side. When the 
locking bolt Ci, is set in the hole marked О. the circuit will be closed when the driving arm 
points toward the slot in the oscillograph front plate, For film drum speeds up to 200 7.9.1. 
the locking belt should be set in this hole; for each 200 7.p.m. additional it should be set one 
hole farther forward, i.e., in hole marked ! for speeds from 200 to 400 r.p.m. The shuttle 
control is set by pushing lever Ei, away from the rubber driving wheel Fi, and turning the 
contact disc Gi, toward the driving wlieel until it strikes the stop. It is tripped by pulling a 
cord of non-conducting material attached to the trigger Hi. The contact brush Ih, has a slot 
under the clamp screw for making adjustment for immediate contact when the trigger is 
tripped. For remote control, any suitable electro-magnetic tripping device may be used to 
release the trigger. 
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А permanent magnet type oí recording galvanometer is employed. Its 
moving coil E, receives the discharges of the condenser in rapid succession 
and turns slowly fron one side to the other. 


The movable part operates a long needle (separately mounted) carrying 
a pen F, which traces the curve on the rotating cylinder C. This cylinder’ 
is geared to the synchronous motor to run at such a speed as to register 
three complete waves upon its circumference. 


By substituting an electro-magnetic galvanometer for the permanent 
magnet galvanometer, and by using the magnet coils as current coils and 
the moving coil as the volt coil, the instrument can be made to draw watt 
curves. ' 





Fic. 4,611.—General Electric oscillograph long film holder. It has a magazine in which the 
film spool is placed and from which the film is wound on the drum for exposure. This holder 
may be loaded in daylight, but must be unloaded in a dark room. The drum is driven the 
same as that of the standard filin holder, using worm gears for obtaining low speed if neces- 
sary. The electrically operated shutter is locked open and the film driving motor started 
just long enough before the exposure is to start. to roll off the protecting paper from the film. 


Oscillographs.—The most satisfactory way to observe and 
record the changes in rapidly varying electric currents and pres- 
sures is by the use of the oscillograph. 

The record (or oscillogram) obtained by the use of the oscillograph is 

a universal language for the electrical engineers of all countries. It is the 

most useful and readily understood form in which the results of an in- 

vestigation may be published and has proved very useful in patent cases 


and for advertising purposes as well as for simply obtaining and preserving 
records of tests. 


‘There are numerous types of oscillograph which determine 
the wave form by constantly recording. The different forms 
of apparatus using this method are here given. 
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Cathode Ray Oscillograph.—This type of apparatus for 
measuring wave form was devised by Braun, and consists of a 
cathode ray tube having a fluorescent screen at one end, a small 
diaphragm with a hole in it at its middle, and two coils of a 
few turns each, placed outside it at right angles to one another. 
These coils carry currents proportional to the pressure and cur- 
rent respectively of the circuit under observation. 


es 






det а 


FiG. 4,615.— Westinghouse single element oscilloeranh or '"Osiso". The ''Osiso" has a motor 
driven commutator and viewing mirrors 











The ray then moves so as to produce an energy diagram on 
the fluorescent screen. 


The instrument is much used in radio. as it is capable of showing the 
characteristics of currents of very high frequency. 


Glow Light Oscillograph.— This device consists of two alumi- 
num rods in a partially evacuated tube, their ends being about 
two millimeters apert. 
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When an alternating current of any frequency passes between them a 
sheath of violet light forms on one of the electrodes, passing over to the 
other when the current reverses during each cycle. The phenomenon may 
be observed or photographed by means of a revolving mirror. 


Moving Iron Oscillograph.—This type is due to Blondel. to 
whom belongs the credit of working out and describing in con- 
siderable detail the principles underlying the construction of 
oscillographs. 





MiG. 4,616.—Another view of Westinghouse “Osiso’’. ‘This Instrument has a motor driven poly 
gon of mirrors and other apparatus used in viewing and photographing audio frequeney 
waves from à microphone or radio receiving set 


The moving iron type of oscillograph consists of a very thin vane of iron 
suspended in a powerful magnetic field, thus forming a polarized magnet. 
Near this strip are placed two small coils which carry the current whose 
wave form is to be measured. 

The moving iron vane has a very short period of vibration and сап 
therefore follow everv variation in the current. 

Attached to the vane is a small mirror which reflects a beam of light 
upon some type of receiving device. 


e ~ 
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Moving Coil Oscillograph.— The operation of this form of 
oscillograph is based on the behavior of a movable cotl in a mag- 
netic field. 


It consists essentially of a modified moving coil galvanometer combined 
with a rotating or vib- 
rating mirror, a moving 
photographic film, or a 
falling photographic 
plate. 


Ceneral Llectric 
Oscillograph.—This 
apparatus consists pri- 
marily of a high period 
galvanometer and a 
suitable optical system 
for directing beams of 
light from a lamp to 
mirrors on the gal- 
vanometcr vibrating 





Fic. 4,617.— Westinghouse circular osisogram showing the three voltage waves and three cur- 
rent waves of a syn.n.etrical three phase circuit in their proper time phase relation. Each 
wave is interrupte 1 at a Ci..crent Cistance from the zero circle by the cam operated cross hair. 
Neither the currents nor tLe voltages are true sine waves, as they show the condition of 
magnetization of a tranz orr-er operating at a high flux density (20,700 gausses). Each cur- 
rent wave stays near the zero line for approximately 90? due to the unusually high flux 
density in the core. Due to the similarity of the three phases, it would be irmapossible to dis- 
tinguish between the curves without the help of the cross hair indicator. The double inter- 
ruption of each curve at,a known distance from the zero circle greatly simplifies the identifi- 
cation of the waves. 


NOTE.—As an oscilloscope for transients, an interesting feld for the Osiso is its use ax а 
modulation meter for viewing the rectiCed racio frequency wave of a broadcasting station. Tig 
should be similar to the auc io frequency input wave, and should not reach zero if the cuality 
of broaccastirg be maintained. The audio frequency output of any good radio receiving зеі 
may be viewed in the rotating mirrors by inserting a 3,000 to 30 stepdown transformer between 
the receiving set and galvanometer vibrator. Ав а transient oscillograph use ct ine Osiso is 
limited to such applications as photographing the instantaneous values of current ia a subway 
train, locomotive, rolling mill motor, automobile starting motor and other apniicacons where 
no ink recorder is sufficiently quick to show these sudden changes in current, or voltage. For 
most work of this kind, slow film spees can be used where no special lamp control or shutter 
mechanism ! e recuired. 
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elements and from there to a revolving film or to a visual 
screen. ; 

Suitable mechanisms are also provided for controlling the 
operation of a shutter which by opening and closing, allows the 
beams of light to strike the film for a single complete revolution 
of the film drum. 
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Fics. 4,618 to 4,620.— Westinghouse audio frequency osisograms. Fig. 4,618, part of a pro- 
longed spoken vowel “O,”’ with a fundamental tone of 153.8 cycles per second and a harmonic 
of 769 cycles per second; fig. 4,619, fragment of a violin solo with piano accompaniment 
broadcast from station KFKX, Eastings, Nebraska, and received on a Radiola X near 
Pittsburgh. Pa. Certain harmonics are as high as 3,500 cycles per second, but neverthe- 
less show clearly on the original film; fig. 4,620, low note from WGY Orchestra received at 
Pittsburgh. 


This oscillograph employs a compact form of the vibrating loop type 
of galvanometer and combines photographic and tracing features in one 
apparatus. Its vibrators have a very short free period of vibration as 
compared with the period of the more usual waves which it is desirable to 
record. 
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FiGs. 4,621 and 4,622.—Oscillograrns reproduced from a paper by M. B. Field on ''A Study 
of the Phenomena of Resonance by the Aid of Oscillograms" (Journal of E. E., Vol. 
XXXII). The effect of resonance on the wave forms of alternators has been the subject 
of much investigation and discussion; it is a matter of vital importance to the engineer in 
charge of a large alternating current power distribution system. Fig. 4,621 shows the pres- 
sure curve of an alternator running on a length of unloaded cable, the 11th harmonic being 
very prominent. Fig. 4,622 shows the striking alteration produced by reducing the length of 
cable in the circuit and thus causing resonance with the 13th harmonic. 


Fic. 4,623 — General 
Electric oscillo- 
scope. This instru- 
ment is a simplified 
oscillograph having 
only the visual 

feature. It соп- 
sists of a single ele- 
ment galvanometer 
using a high sensi- 
tivity vibrator and 

a permanent mag- 
net field. A stand- 
ard 6/8 volt, 21 c.p. 
automobile head- 
light lamp is the 
light source, a small 
transformer being 
used ta adapt it for 
use on any 110 volt 
circuit of commercial frequency. The optical system is similar to that of the oscillograph 
with a hand operated mirror provided for viewing wave shapes. There are only two connec- 
tions, one to the source of power for the light, and the other to the source to be investigated. 

In case an a.c. 110 volt source is not available, the leads from the transformer to the lamp 

may be disconnected and any small 6 volt storage battery connected directly to the lamp. An 

adjustable vibrator resistor, sufficient for use on voltages up to 6 volts, is mounted inside the 
case. An external resistor is the only auxiliary apparatus required for higher voltages. 

When operating, the oscilloscope may be set on a table, bex, chair or shelf, providing that 

such location is fairly free from vibratien. 
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The damping of.the vibrator is critical, that is, the free motion just 
ceases to be oscillatory. The self-induction of the vibrator circuits is 
negligible. This apparatus is shown in the accompanying illustration. 
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Fics. 4,624 and 4,625.—Connection diagrams of Westinghouse six element portable oscillo- 
graph, showing hook ups for d.c. and a.c. operation. 


10. 
11. 


12. 


- 7 —— € Y —— 
, 


“Wave Form Measurement ' 2,087 


TEST QUESTIONS | 


Why is wave form measurement important to the 
power station engineer? 

What two general classes cf apparatus are used in 
wave form measurement? 

What method is employed ty each class of apparatus? 

Name six step by step methods cf measuring wave 
form? 

Mention five constantly recording methods of meas- 
uring wave form. 

What cpparatus is used in Joubert's method? 

Describe the step by step method. 

Draw a diagram illustrating a four part commutator 
тећса. 

Give a brief explanation of the modified four part 
commutator method. 

Who introduced the Ballistic galuanometer? 

Does the Ballistic galuanometer method employ a 
contact breaker or a contact maker? 

Explain with diagram the Ballistic galvanometer 
method. 

What is the zero method? 

Describe the apparatus used in the zero method of 
wave form measurement. 

What modification was introduced by Mershon? 

Describe the Hospitalier ondograph and explain 
how it works. 

What is an oscillograph? 

Describe the cathode ray oscillograph. 
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19. How does a glow light oscillograph work? 

20. Who introduced the moving iron oscillograph? 

21. On what is the operation of a moving coil oscillograph 
. . based? 

22. Describe in detail the General Electric p du 

23. What is an oscilloscope? 
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Switchboards 


In all buildings where electricity is generated, converted, 
transformed, or utilized to any great extent, the control of the 
equipment is arranged, in so far as practicable, for the most con- 
venient attention and operation. 

The control and indicating devices are mounted on some 
form of structure at a particular point, and the whole assemblage is 
known as a switchboard. 

The design of switchboards is dependent upon the kind and capacity of 
apparatus to be controlled, the types of devices to be used, the buildings in 


which the switchboards are to be installed, and upon future additions and 
alignments with existing installations. 


Switchboards are usually built of 


]. Slate. 
2. Ebony asbestos. 
3. Marble. 


and they may be classified as 


1. Live front boards (vertical). 
2. Live front boards (bench). 
3. Dead front boards. 


a. Safety enclosed, vertical. 
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b. Safety enclosed, sectional. 
c. Safety enclosed, truck. 


Special designs are also built when necessary to meet unusual require- 
ments. 


Foundation.—The switchboard. should stand on a level 
foundation sill made of hard wood or channel iron, as shown in 
figs. 4,626 to 4,629. The sill must be rigid and heavy enough 

A -15 BOLTS OR 


LAG SCREWS FOR 
WOODEN SILL 





У2-15 ТАР___ 
IN BASE 
PLAN VIEW 
CHANNEL WEIGHT. 
10.5 LBS. PER FOOT 


SIDE ELEVATION 





Fras. 4,626 to 4,629.—Standard sill and switchboard sub-base arrangemenits. 


so that the panels will not be thrown out of line by settling. 
Standard 6 in. channels are best, although hard wood sills 72 
ins. may be used and are recommended where insulated frame 
work is required. 


The sill should be securely anchored. Drill the channel sill for anchor 
bolts to suit floor construction. A method of grouting the channels is 
shown in fig. 4,632. 


A small brick pier should be built at each end, and sand or plaster piled 
along the sides of the channel to prevent the cement leaking out. The 
mixture should be about one part sand to one part cement and should flow 
freely. By pouring it into the piers until the level rises above the top of the 
channel, a head will be produced which will force the cement underneath 
the channel. 


- Е MEM MUS 





Fic. 4,630.—Arrangement of channel base when end grill is not used. 


The tapped holes in the sill 
should be plugged with wood 
before pouring the cement, or 
the bolts for the floor flanges 
should be screwed into the 
channel temporarily to the 










DOTTED POSITION OF maximum depth, in order to 

_# HANGER IS USED WHEN vent h E m t fln 

| VERTICAL PIPE AT OIL prevent tne cement N mg 

CIRCUIT BREAKER 15 them and making it difficult 

| UNDER TENSION WHEN to fasten the flanges to the 
|  CLOSING. 


channel. The  grouting 
should be allowed to set for 
twenty-four hours before 
mounting the panels oa the 
sill. 


It cannot be too strongly 
emphasized that the leveling, 
anchoring and grouting of 
the sill are important opera- 
tions and the final appear- 
ance of the switchboard is 
dependent largely on the care 
PREFERRED LOCATION and patience exercised. 


Fic. 4,631.—Arrangement ‘of channel base, panel sub-base, and panel supports, showing pre- 
ferred and alternative locations of lower vertical hanger for pipe mechanism, for remote 
controlled oil circuit breakers. . , + . * 
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The method of anchoring panel braces is dependent on construction of the 
wall. Heavy panel equipment requires solid fastenings. Expansion bolts, 
through bolts, or an angle iron bolted along the wall may be used. 


Erection.— The panel frame consists of either 144 in. upright 
pipe supports, angle irons, or, in cases where the equipment is 





CEMENT 





CHANNEL 





BRICK PIER 
Fic. 4,632.—Method of grouting channel in sill. 


END SIDE 
PANEL MOULDING 


WOOD FILLET 
FURNISHED BY 
PURCHASER 








Fic. 4,633 .— Arrangement of channel hase when end grill is used. 


exceptionally heavy, channel irons. A standard method of 
bracing switchboard panel supports is shown in fig. 4,634. Re- 
gardless of frame construction and method of shipping panels, 
whether assembled or dismantled, the middle panel should be 
erected first, plumbed and braced securely. 
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Fic: 4,634.—Pipe frame structure tor a 90 inch board. The best results in a finished switchboard 
are obtained by first setting the frame structure accurately. Plumb and align 2 carefully 


before bolting it to the sil} and wall 





Fic. 4,635.—Erecting a switchboard of three section panels which have been shipped as indivi- 
dual sections. Leatheroid washers are placed between the panels and pipe fittings to aligr 
the front surface of the baard. Each row of sections is leveled and aligned completely before 


the panel bolts are tightened. 
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If the supports be shipped separately the frame work should be set up and 
plumbed first, then the panels bolted to it, first loosely to avoid cracking, 
and then securely. Flexible leatheróid washers are placed between frame 
and panels to préyent cracking of the panels when the bolts are tightened, 
and to align the front surfaces of the panels, as shown in fig. 4,635. 


If shipped on supports, each panel will be set up adjacent to the fixed 
panel and anchored in place 





Fic. 4,636.—Switchboard erection Showing placement of spacers under the lower outside 
corner of the panel when an opening appears at the top. 

Shimming should be done between the sill and bottom edge of 
panels to plumb the free edge as shown in figs. 4,636 and 4,637. 
Sometimes it may be necessary to file the cdges of two adjacent 
panels by means of a hack saw blade inserted between them, in 
order to fit them more closely. 

The installation work is somewhat simpler when the panels 
are shipped assembled on their supports, but even then plumb- 
ing and shimming may be necessary, as in figs. 4,636 and 4,637. 
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Benchboards are sometimes shipped assembled, but more frequently 
knocked down. 

When erecting the board the sills are leveled and bolted in plaee first, then 
the frame works are set up and anchored to the sills. Now the vertical 
sections below the bench, and then the bench sections are erected, always 
starting from the middle of the board. 

Lastly the instrument sections are set up. The grille or sheet iron work 
should be fitted, but should not be bolted into place before the wiring has 
been done. Figs. 4,638 to 4,640 show typical bench board construction. 





Fic. 4,637.—Switchboard erection showing placement of spacers under the lewer inside corner 
of the panel when an opening appears at the hottom. 


Frame Structure.--This is generally made of 114 inch pipe 
with threadless fittings such as shown in fig. 4,641, the applica- 
tion of these fittings being shown jin figs. 4,642 to 4,646. The 
fittings are adaptable to pipes of standard sizes as carried by 
local dealers in this material. They are used because of their 
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stiffnessand weightand their ease of assembling and adjustment. 
Note the suggested method in figs. 4,647 and 4,648, of bracing 
a switchboard when the board extends across a window or other 
opening in the wall. 


All such structures should be well braced together to avoid any flexibility 
that might tend to affect operation of cil circuit breakers, or transmit jars 
from them to the panels. The threadless clamp fittings offer in this respect 
the best facilities for perfect adjustment. In heavy capacity installations, 
avoid carefully any complete magnetic circuits around a conductor carrying 
a great amount of current. 


[-—0—-H- 


Beck View 





Fics. 4,638 to 4,640.-—Typical bench board construction. Fig. 4,638 cross section, lig. 4,639 
front view; fig. 4,640, back view. 


Make sure of an effective ground and see that paint on pipes or fittings 
does not prevent a good connection. There should never be more than three 
clamped or screwed ioiats in series for each ground connection. 


Pipe caps should be slipped on the exposed ends of all pipes to improve the 
general appearance of the installation. All metal work should be painted 
from time to time for protection and appearance. 
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—— 


Classes of A.C. Switchboards.—Depending upon the mount- 
ing and method of operation of the apparatus a.c. switchboards 
may be classified as 

1. Direct control boards. 2. Remote control boards. 


E 
| 
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Direct Control Switchboards.—This type of board has all the 
apparatus mounted, either directly or partly upon the panels 
and the remainder on the panel supporting frame work. A 
direct control board is shown in fig. 4,649. 


Manual Remote Control Switchboards.—On boards of this 
type only the lighter pieces of ap- 
paratus are mounted. The main 
circuit breakers and their as- 
sociated apparatus are supported 
upon suitable frame work at a rea- 


sonable distance from the panel 
board. 


The oil circuit breakers or other switch- 
ing devices are operated by means of suit- 
able operating rods and links attached to 
a handle or handles on the front of the 
panels. Fig. 4,650 shows a manual re- 
mote control board. 














Fic. 4,649 .— Westinghouse 600 volt, direct control switchboard for the control of 1 to 3 alterna- 
tors. This board is designed for the control of from | to 3 alternators in small industrial plants 
or isolated generating stations operating at 600 volts or less. The panels are approximately 
48 inches high, mounted on tubular pipe frame work, with the top of the panel approximately 
76 inches from the floor line. Sometimes the panel has a lower section, other times not, 
depending upon the amount of apparatus to be mounted upon the respective panels. Usually, 
the capacity per panel is limited to about 600 amperes with not more than 5 panels aggre- 
gating 1,800 amperes total. In this type of board, the instrument and control equipment is 
reduced to a minimum and only those meters that are absolutely necessary for the proper 
operation are provided 
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The electrically controlled switchboard usually takes one of 
three general forms, namely: : 





Fic. 4,650.—Manual remote control switchboard. Boards of this type often have the same 
general meter e;uipment as the direct control beard. Since they usually have control over 
larger amounts of power, the metering equipment is apt to be somewhat more elaborate and 
the relay equipment is more complicated. They are applicable where the simplicity of con- 
nections or accessibility desired cannot be obtained with the panel mounted apparatus or 
where station capacity or voltage is so high as to make it desirable to mount the oil circuit 
breakers apart from the panel and where the station arrangement permits the use of manually 
operated, remote controlled oil circuit breakers. The mechanical limitations of the manual 
remote control switchboard are: 1, Distance between location of the switchboard panel and 
its correlated oil switching devices. 2. The effort required to operate the switching devices 
through the system of bell cranks and connecting rods. This usually limits this type of board 
to stations of 25,000 kva. capacity.. . |. aae 
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1. The panel board. 
2. The combination control desk and elevated instrument 
board. 


3. The combination bench section and instrument panel 
board. 


There is practically no limitation to the application of the elecírical, 
remote control switchboard, if the necessary control course be available. It 
finds its greatest use, however, in plants of heavy capacities requiring elec- 
trically operated apparatus, or where the distance between the board and 
switching devices makes the application of hand operated apparatus unde- 
sirable. 


Requirements.— Obviously, the kva capacity of the generat- 
ing station, both present and ultimate, has a direct bearing on 
the limitations of the above class of switching equipment. In 
general the switching apparatus should be capable of inter- 
rupting the worst possible short circuits that can occur. 

The amount of short circuit energy is dependent upon the 
kva capacity of synchronous apparatus connected to the system, ' 
its inherent reactance and the impedance of intervening trans- 
former apparatus and connections. 


The amount of energy that a circuit breaker would interrupt in the case | 
of short circuit is not that indicated by the nominal rated capacity of the 
station, but the maximum power the synchronous apparatus is capable of 
passing through the breaker to a point just beyond, at the iastant the 
breaker opens. Accordingly, the g-eater the duty demanded of the circuit 
breakers, the more rugged and heavier this piece of apparatus must be. 
This in turn usually determines the class of switchboard for the problem at 
hand. Therefore, only breakers of relatively small interrupting ability and 
small physical size can safely te mounted on the rear of panels, with the 
result that the direct control switchboards should be limited to stations of 
restricted current capacity and 2,500 volts or less. The reasons for these 
limitations lie chiefly i» danger to operators, of high voltage and high pow- 
ered apparatus when in close proximity with the low voltage control, instru- 
ment wiring, etc. All of these require inspection and occasional mainte- 
nance. 


In other instances mechanical reasons may ре the deciding factors. 
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Fics. 4,653 to 4,691.—Standard symbols used in electrical connection diagrams of switchboards. 
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In general, it is recommended that no oil circuit breakers 
having a continuous current capacity of more than 800 amperes 
be used on direct controlled boards Furthermore, no direct 
control a.c. type of board should be employed for stations hav- 
ing a capacity greater than 3,000 kva. 

Such limitations naturally restrict the direct control board into what may 
be termed small capacity isolated generating stations or substations. 


It is obvious that there is no sharp dividing line between the choice of a 
direct control board over a manual remote control board ur between the 
manual remote and the electrical remote control board near the upper 
limit of the first two classes of switchboards. 


Very often local factors will indicate the desirability of using the next 
higher class of board even though the amount of power controlled is within 
the usual limits of the lower class board. Generally speaking, the limita- 
tions of the direct control board are electrical while the manual remote con- 
trol board limitations are largely of a mechanical nature. 


Choice of Switching Arrangement.—Before attempting to 
select any particular type of switchboard, a complete skeleton or 
single line diagram of main connections for the proposed station, 
should be prepared. After this has been studied carefully to see 
that it wiil meet operating requirements of the proposed project, 
calculations should then be made to determine the rupturing 
capacity required for the various oil circuit breakers. Such a 
study may bring out the desirability of modifying the scheme 
of main connections by the use of current limiting reactors or 
transformers to limit the concentration of power at any one par- 
ticular spot in the system. 

In making a choice of switching arrangement, probably the first item of 


consideration is whether this particular station is of relatively little im- 
portance or not with respect te the whole system. 


If the entire station could be dispensed with for a short time without 
materially affecting service, then an inexpensive switching scheme would be 
justified. If the station be a major one and continuity of service be of prime 
importance, as it usually is, a more elaborate switching scheme must be 
contemplated. 
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Fics. 4,692 to 4,701.—Diagrams illustrating general principles of switchboard connections. 
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General Principles of Switchboard Conneetions.— The inter- 
connection of generators, transformers, lines, bus bars, and 
switches with their relays, in modern switchboard practice is 
shown by the diagrams, figs. 4,692 to 4,701. The figures being 
lettered A to J for simplicity, the generators are indicated by 
black discs, and the switches by open circles, while each heavy 
line represents a set of bus bars consisting of two or more bus 
bars according to the system of distribution. It will be under- 
stood, also, in this connection, that the number of pole of the 
switches and the type of switch will depend upon the particular 
system of distribution employed. 


Diagram A, shows the simplest system, or one in which a single generator 
feeds directly into the line. There are no transformers or bus bars and only 
one switch is sufficient. 


In B, a single generator supplies two or more feeders through a single 
set of bus bars, requiring a switch for each feeder, and a single generator 
switch. 

In C, two generators are required and the addition of a bus section 
switch. 

D, represents a number of generators supplying two independent cir- 
cuits. ‘Tie additional set of bus bars employed for this purpose necessitates 
an additional bus section switch, and also additional selecter switches for 
both feeders and generators. 

E, shows a standard system of connection for a city street railway system 
having a large number of feeders. 

This arrangement allows any group of feeders to be supplied from any 
group of generators. . 

It also permits the addition of a generator switch for each generator. 

F, represents the simplest system with transformers. 

It requires a single generator transformer bank, switch and line. The 
arrangement as shown at F, is used where a number of plants supply the 
same system. 

G, represents a system having more than one line. р 

In this case a bus bar and transformer switch are used on the high tension 
side. 

H, shows a number of generators connected to a set of low tension bus 
bars through generator switches, and employing a low tension transformer 
switch. 
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Fics. 4,702 and 4,703.—Diagrams illustrating a simple method of determining bus capac- 
tly as suggested by the General Electric Co. Fig. 4,702 relates to any panel; the method is 
as follows: 1, Make a rough plan of the entire board, regardless of the number of panels to be 
ordered. The order of panels shown is recommended, it being most economical of copper and 
best adapted to future extensions. 2. To avoid confusion keep on one side of board every- 
thing pertaining to exciter buses, and on other side everything pertaining to A,C. buses. 3. 
With single lines represent the exciter and A.C. buses across such panels as they actually 
extend and by means of arrov's indicate that portion of each bus which is connected to feeders 
and that portion which is connected to generators. Remember that "Generator" and "Feeder" 
arrows must always point toward each other, otherwise the rules given below do not hold. Note 
also that the field circuits of alternator panels are treated as D.C. feeders for the exciter bus. 
4. On each panel mark its ampere rating, that is, the maximum current it supplies to or takes 
from the bus. For A.C. alternator panels the D.C. rating is the excitation of the machines. 
5. Apply the following rules consecut:vely, and note their application in fig. 4,702. (For the 
sake of clearness ampere ratings are shown in light face type and bus capacities in large type.) 
A. Always begin with the tail of the arrow and treat “generator” and'“‘feeder’’ sections of the bus 
separatery. B. Bus eapacity for first panel =ampere rating of panel. €. Bus capacity for each 
succeeding panel —ampere rating of panel plus bus capacity for preceding panel. (See sums 
marked above the buses in fig. 4,702.) D. For a panel not connected to a bus extending across it, 
use the smaller valne of the bus capacities already obtained for the two adjoining panels. (See 
exciter bus for panel C.) E. The bus capacity for any feeder panel need not exceed the maximum 
for the generator panels (see A.C. bus for panel G) and vice versa (see exciter bus for panel B). 
Hence the corrections mage in values obtained by applying rules B and C. The arrange- 
ment of panels shown in fig. 4,702 is the one wkich is mostly used. The above method may, 
however, be applied to other arrangements, ore of which is shown in fig. 4,703 Here the 
generators must feed both ways to the feeders at either end of the board so that in determining 
A.C. bus capacities it is necessary to first consider the generators with the feeders at one end, 
and then with the feecers at the other end as shown by the dotted A.C. buses The required 
bus capacities are then obtained by taking the maxim» values for the two cases 
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2,710 Switchboards 








Switchboard Panels.—The term “panel” means the slab ot 
marble or slate upon which is mounted the switches, and the 
indicating and controlling devices. There are usually several 
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Fi6s. 4,796 to 4,708.—Diagrams of connections for alternator panels. Key to symbols: A, 
ammeter; A.S., ammeter switch; C.T., current transformer; F., fuse; F.A., direct current 
field ammeter; F.S.. field switch; G.C.S., governor control switch; L.S., limit switch (in- 
cluded with governor motor); O.S., oil switch; P.I. W., polyphase indicating watt meter; 
P.W.M., polyphase watt hour meter; P.R.. pressure receptacle; P.P., pressure plug; Rheo., 
rheostat: S., shunt; S.R., synchronizing receptacle; S.P., synchronizing plugs; T.B., terminal 
board for instrument leads; V., alternating current volt meter. 
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panels comprising switchboards of moderate or large size, these 
panels being classified according to the division of the system 
that they control, as for instance: 


1. Generator panel. 
2. Feeder panel. 
3. Regulator panel, etc. 


In construction, the markle or slate should be free from metallic veins, 
and for p-essures above, say, 600 volts, live connections, terminals, etc., 
should preferably le insulated from the panels by ebonite, mica, or removed 
from them altogether, as is generally the case with the alternating gear 
where the switches are of the oil type. 


The bus bars and connections should be supported by the framework at 
the back of the board, or in separate cells, and the instruments should be 
operated at low pressure through instrument t-ansformers. 


The panels are generally held in position ky Бе ла them to an angle 
iron, or a strip iron frame work behind them. 


Generater Panel.—This section of a switchboard carries the 

' instruments and apparatus for measuring and electrically con- 

trolling the generators. On a well designed switchboard each 
generator has, as a rule, its own panel. 

In the case of a high pressure alternating current plant of con- 
siderable size, the bus bars, oil switches. and the current and 
pressure transformers are generally mounted either in stoneware 
cells, or built on a framework in a space guarded by expanded 
metal walls, and no high pressure apparatus of any sort is 
brought on to the panels themselves. 


Feeder Panel.—The indicating and control apparatus for a 
feeder circuit is assembled on a panel called the feeder panel. 

The most common equipment in the case of a direct current 
feeder panel comprises an ammeter, a double pole switch, and 
double pole fuses or instead of the fuses, a circuit breaker on one 
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or both poles; in the case of a traction feeder, a choke coil and 
a lightning arrester are often added. 

The equipment of atypical high pressure three phase feeder 
panel is an ammeter (sometimes three ammeters, one in each 
phase) operated by a current transformer, and oil brake switch 





FiGs. 4,709 to 4,716.— Diagrams o( connections for three phase feeder panels. Key tosymbols: 
A, ammeter; A.S., three way ammeter switch; B.A.S., bell alarm switch; C.T., current 
transformer; F, fuse; O.S., oil switch; P.I.W., polyphase indicating watt meter; P.W.M., 
polyphase watt hour meter; T.B., terminal board; T.C., trip coils for oil switch. 


with two overload release coils, or three if the neutral of the cir- 
cuit be earthed, the releases being operated by current trans- 
formers. 


Truck Type Switchboards.—Recently another form ot 
switchboard arrangement has come into use for certain classes of 
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service and is commonly known as the truck type panel as 
shown in figs. 4,717 to 4,722. The bus bars are mounted in a 
steel housing and the panel, circuit breaker and instrument 
transformers are on a removable truck. The housing and truck 
carry disconnecting devices for both primary and secondary cir- 
cuits. The truck is mechanically interlocked with the housing 

e so that it cannot be in- 
serted nor withdrawn un- 
less the circuit breaker be 
opened. The breaker can- 
not be closed unless the 
truck is in the operating 
or in the disconnected 
position. 





E 


Fic. 4,717.— Westinghouse small truck type switchboard: front view cell. 





Truck type panels are equipped with either manually operated or elec- 
trically operated circuit breakers as may be desired, and they are applicable 
for any service connected with the generation or distribution of electrical 
power within the breaker interrupting rating. 
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2. All parts requiring inspection are on a removable truck which is 
“dead” on all sides when removed from the housing. 


3. Automatic shutters cover the opening through which the main dis- 
connecting contacts pass so that the truck compartment is safe to enter 
when the truck is removed. 


4. A truck may be replaced by a spare one in a few moments’ time and 
the circuit breaker inspected without a prolonged interruption of service. 
Maintenance is thus made both safe and easy. 


5. The installation work for the pur- 
chaser is, in general, much less than for 
ordinary manual direct control beard as 
the equipment is shipped completely 
assembled in units. The purchaser 
merely has to fasten the housing to the 
floor steel work, install the bus bars, 
make cable connections and fill the 
circuit breaker tank with oil. 





This type of panel equipment 
is becoming very popular for in- 
dustrial sub-stations when the 
grade of switchboard attendant 
is not of the highest order. 


It is also used to quite an extent for 
station auxiliary circuits in power 
houses where time is an important fac- 
tor in restoring service after an inter- 
ruption. 





Fic. 4,720.-—Westinghouse truck type switchboard construction. 3 bus and lead 
compartments. Barriers removed. 





NOTE.— Truck type switchboards originated in Europe and England where the laws and 
regulations governing safety features for the protection of employees are very stringent. The 
progress of the safety first movement resulting in the enactment of laws in many states has 
created a strong demand for them in this country. The complete protection from electrical 
hazard allows the employment of cheap, unskilled operators with the degree of safety implied 
by the spirit of the safety first movement, if they be sufficiently intelligent to follow instruc» 
tions for operating the switches. 
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The truck type switchboards are often of the electrically operated type 
with the usual separate control panels similar to any electrically operated 
board. The breakers with associated instrument transformers are located 
on trucks rather than on permanent frame work or cell structure. 


Theatre Switchboards.—The lighting requirements of the 
various classes of show houses differ greatly, and no one type of 
control equipment can be expected to fulfill all conditions with 
maximum satisfaction. Several types of switchboards are 
necessary to meet the requirements of the different classes of 
theatre; the latter may be classified as 
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F16s. 4,721. and 4,722.— Westinghouse truck type switchboard construction. 4, interior 
view of cell. Fig. 4,721, shutter closed; fig. 4,722, shutter held open. Zn operation when 
the truck is withdrawn from its cell, the live stationary contacts are not left exposed as ip 
most designs. Shutters automatically cover all the high tension live parts preventing 
accidental contact with them. When the truck is pushed into its cell, the rollerson the truck 
engage the shutter levers on the cell; and the shutters are opened to permit engagement of 
the contacts. 


МЕ ~ p m НУ = 


= M Т 


Switchboards 2,717 


$$ 


. Legitimate. 
. Vaudeville. 


. Motion Picture, 
etc. 
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The several types of switchboards designed to meet the varied 
requirements are 


1. Direct control switchboards. 
2. Pre-selective switchboards. 


a. Two screw. 


b. Multi-screw. 


Direct control switchboards.— 


Tumbler type direct control boards can be used in school 
auditoriums, small motion picture theatres, churches, and in 
other places where it i3 possible to provide skilled attendance for 
the switchboard, or where the cost of equipment must be kept 
low. 


To obtain maximum results with a board of this type requires a first class 
operator, and better satisfaction will usually result, with the elimination of 
possibilities of errors, by the application of a pre-set board. The operating 
possibilities of these boards are such that independent p:ze-sets can be made 
in each color group. 


Each group i3 under the control of a master switch, which can feed 
energy to the complete group of circuits in its color group, or to any desired 
selection of circuits in the group. 


The circuits can be arranged so that the complete lighting is controlled by 
a master switch at the board. Each color group taken care of on this type 
of board is normally provided with its own dimmers. The circuits are con- 
veniently grouped so that economy of material and apparatus can be car- 
ried out effectively. The constant circuits can be controlled from the 
switchboard. 
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Pre-selective switchboards.— 


The pre-selective board allows the operator to set up the 
lighting for a second scene or act, while the first scene lighting is 
being used. It is well adapted for use in vaudeville theatres, 
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Fic. 4,723.— Westinghouse diagram of connections of a pre-selective type theatre switchboard. 
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because in this service, it is not expedient to set up the lighting 
for more than one scene in advance, owing to the nature of the 
program. 


In the hands of a skilled operator the pre-selective board provides a very 
satisfactory control for this service, with a lower energy consumption, due 
to the fact that the contactors are latched in, rather than held in by an 
electro magnet. 

On the stage pilot board the lighting for one scene or act can be pre- 
selected in any combination of colors and at any time that scene lighting 
may be thrown on by the main master switch. This energizes the coil of 
the master contactor, which at the moment of closing feeds energy through 
all the control circuits set up for thescene. The contactors for these circuits 
then close, and are latched in that position. The pilot switches on the stage 
pilot board are then free so that a pre-selection can be made during the show- 
ing of the first scene for the lighting to be used during the second scene. 


The switchboard equipment consists essentially of the follow- 
ing three parts: 


1. Pilot board. 
2. Contactor board. 
3. Magazine panel. 


The pilot board incorporates the dimmer bank, the dimmer 
operating mechanism and all switching apparatus for producing 
the lighting effects. 


The dimmer bank is mounted in a heavy angle iron frame. Each dimmer 
or set of dimmers for one circuit, depending on the wattage, is provided 
with a handle for individual operation. The dimmer bank is usually divided 
into two principal parts—house and stage. Three or four color groups are 
usually furnished and the dimmers and switches pertaining to one color are 
mounted in a horizontal row, while the dimmers and switches pertaining to 
the same circuit are mounted in a vertical sequence, so that for any circuit 
all its color controls are in a vertical row with the white control at the top, 
amber next, then red and blue. 

The electrical control scheme is arranged along the same lines as the dim- 
mer control, that is, there is an individual pilot switch for each circuit, a 
color master switch located at the end of each color group and a stage main 
and house main switch in a central and convenient position. 
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Fic. 4,724.—Rear view of Westinghouse contactor board for Keith Theatre, Boston, Mass. 
This view shows how the magazine panel may te mounted. 
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The various push buttons and switches for the constant circuits to 
dressing rooms, etc., are placed in convenient and'suitable locations. 


The conlactor board contactors are arranged so that their 
position corresponds with the position of their circuit controls 
on the pilot board, which facilitates inspection. 


The contactor board is usually placed in a separate room directly below 
the pilot board. 
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Fic. 4,725.—Diagram of connections of Westinghouse CWo scene pre-set switchboard. 
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Where a separate magazine panel containing fuses for the individual cir- 
cuits is provided, a slate base with main fuses for each contactor may be 
mounted directly in back of the contactor board as shown in fig. 4,724. 


Where a solidly grounded neutral is permissible, it is possible to simplify 
the equipment greatly by omitting the magazine panel and mounting the 
individual.circuit fuses, directly below the contactors.. 


In the multi-pre-set switchboard, all the controls for a single 
circuit, which include the pilot switch, pilot lamp, pre-set 
switches, and circuit dimmers, are mounted together on a small 
section of the board. 


The number of pre-set switches is dependent upon the number.of scenes 
that the board can handle, that is, if the board be ten scene, there will be 
10 pre-set switches for each circuit. 


The pre-set switches are arranged in horizontal rows with five switches 
totherow. Toset upa circuit, the pre-set switches for the scenes in which 
that circuit is to be used are flipped to the “on” position, and for the 
scenes where that circuit is not to be used they are moved to the “off” posi- 
tion. This procedure is followed for all the circuits on the board, and when 
completed the board is ready for the performance. The setting up process 
can be done best at a rehearsal, and the effects can then be given serious 
attention and changed until just the right lighting is secured. 


All the lighting for scene 1 can be fixed by setting all the scene 1 pre-set 
switches, then scene 2 can be taken care of, and so on for the entire produc- 
tion. 


The pilot switch handles are pushed up into the set up position, closing 
the lower switch contacts. This is the position in which they are ordinarily 
left, for a production, and it places the circuit under the control of the color 
master switch. 


Pushing the color master switch handle up then places the color circuits 
under the control of the scene grand master switches. 


There is a scene grand mascer switch for each scene that can be set up, 
thus a ten scene pre-set board has ten scene grand master switches. There is 
no limitation to the manner in which the scene grand master switches can 
be manipulated. Any one can be thrown on at any time, and any number 
can be closed at the same time. 
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To change from one scene to another without a “blackout,” close the 
scene grand master switch for the following scene before opening the one for 
the scene in progress. 


If a “blackout” be desired, open the scene grand master switch for the 
scene in prógress, and then close the one for the scene wanted. A scene 
may be repeated as often and whenever desired. 


The color masters, color master dimmers, the scene grand master switches, 
and slow motion master dimmer hand wheel are all located at the center of 
the board so that the operator does not have to run back and forth in 
handling the lighting. All essential controls are in easy reach from one 
position. 


The individual circuit dimmers can Le interlocked with the color master 
and the culor master in turn interlocked with the slow motion master hand 
wheel. A cross control is provided so that each color master handle can be 
interlocked in such a way as to brighten or dim the lighting of its color 
group as may be desired irrespective of the direction of motion of the other 
color dimmer: . 


A “hot-bus’’ connection is provided for each circuit. By closing the 
upper switch: contacts for a circuit, that circuit is thrown on the *'hot-bus" 
and lighted. It remains lighted regardless of the position of the master 
controls. ` 


With the entire lighting for a production set up, the opeiacor can devote 
his whole attention to the operation of the dimmers. There is no haste, and 
possibilities for distracting errors are very remote. Once the lighting has 
been set up, no changes are necessary in the setting until a change occurs in 
the program, which may be a week or longer, depending upon the program. 


TEST QUESTIONS 





. Give a classification of switchboards. 
How are foundations constructed for switchboards? 


. Give a list of various classes of a.c. switchboards. 
What is a direct control switchboard? 


SA MP Оз DO = 


. Explain how to erect a panel for a switchboard. 
. Explain how shimming is done. 
. Describe the frame structure for switchboards. 
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8. 
9. 


10. 


11. 


12 


Describe a remote control switchboard. 

Name three forms of electrically controlled switch- 
boards. 

Give at length the various requirements for switch- 
boards. 

How is the choice of switching arrangement deter- 
mined? 


. Give the general principles of switchboard connections. 
13. 
14. 
15: 
16. 
17. 
18. 


Give a simple method for determining bus capacity. 
Define the term "panel" as applied to switchboards. 
Name three classes о} panels. 

Describe the generator panel. 

What apparatus is placed on the feeder panel? 


Describe a regulator banel. 
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CHAPTER 89 


Power Stations 


The term central or power station is usually applied to any 
building containing an installation of machinery for the con- 
version of energy from one form into another form. There are 
three general classes of power station: 


1. Central stations. 
2. Sub-stations.* 
3. Isolated plants. 


Power stations may be classified 


]. With respect to their function, as 


а. Generating stations. 
b. Distributing stations. 
c. Converting stations. 


2. With respect to the kind of power used in generating the 
electric current, as 


a. Steam electric. 
b. Hydro-electric. 
c. Gas electric, etc. 


*NOTE.—Sub-stations and isolated plants are presented in separate chapters. 


—————————— — 
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3. With respect to the distribution of power, as 


a. Generation and distribution voltages the same. 
b. Generation voltage lower than distribution voltage. 


c. Distribution at several voltages, one of which is the same as the gen- 
eration voltage. 


4. With respect to the kind of current supplied, as 
a. Direct. 


ENGINE AND 
GENERATOR 


ААА 





АХ 


В Fic. ее ion of smail station with p Grive, 9.9 wiif E T. t.e boiler 
and engine, piping, etc. 
• 


b. Alternating. 
с. Direct and alternating. 


Central Stations.—It must be cvident that the goneral type 
of central station to be adapted to a given case, that is to say, 
the general character of the machinery to b: installed depends 
upon the kind of natural energy available for conversion into 
electrical cnergy, and the character of the, clectrical energy 
required by th2 consumers. 

The general tendency i3 toward largor stations, and the 
interlocking of the systems located in different localities. 


The reasons for this is because the investment cost per kw. generated 
decreases as the size of the station increases, also by taking advantage of the 





' 
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interconnection of stations the most efficient means of generation of power 
may be employed as, by steam, water or gas engine power. 


Location of Central Stations.—Usually central stations 
should be so located that the average loss of voltage in over- 





Fic. 4,729.—Floor pian of station having belted drive with countersha:t A, engine and dynamo 
um; B, boiler room; C, office; D, store room; E, chimney connected with the boilers by flue 
W; S.S, boilers; V,V, s'eam pipes; M,M, engine; O, countersa:t; T,T,T,T, gere-ators; 
JI, switch Loar’. A p-lley may le mounted on the cointersha.t O, with a friction clatch. 
A iaw clutch may zl.o ! e yroviced zt Z, thus permitting the shaft O, to le civi ed inio 
two sections. Itist.e-e o-e possible by this ^-rancemert to cause either of the engires to 
dri ʻe any one ot t' e generato:5, ог all of them, or both of the engines to drive all oi the 
generators simultareousl. 

Fic. 4,730.—7lan of ele-tr'czl stat'on with belt "rive without counter shaft. The installation 
here represente | consists of two boilers, S.S, and three sets of engines ani generators, 
T, M.etc. Sufficient allowance has been тале in the plans, however, for future increase 
of business, as additional snace has heen provided for an e1tra eng ne and generator set, ae 
indicatet by the cotte.l lines. Other reference letters are the same as in fg. 4,729. 


coming the resistance of the lines i3 a minimum, and this point 
is located at the center of gravity of the system. In fig. 4,731 is 
shown a graphical method of locating this important spot. 


Suppose a rough canvass of prospective consumers in a district to be 
supplied with electric light or power shows the principal loads to be located 
at A, B, C, D, E, etc., and for simplicity assume that these loads will be 
approximately equal, so that each may be denoted by 1 for example: 





2,730 Power Stations 





The relative locations of A,B,C,D,E, etc., should be drawn to scale (say 
1 inch to the 1,000 feet) after whìch the problem resolves itself into find- 
ing the location of the station with respect to this scale. 


The solution consists in first finding the center of gravity of any two of 
the loads, such as those at A and B. Since each of these is 1, they will to- 
gether have the same effect on the system as the resultant load.of 1 and 1, 
ог 2, located at their center of gravity, this point being so chosen that the 


CONSUMER 


STATIÒN:BUS 


REGULATO CENTER OF 
fogs DISTRIBUTION 


STATIQN BUS 


REGULATOR 





Fics, 4,731 and 4,732 —Graphical method of determining the center of gravity of a system 
in locating the central station. 


product of the loads by their respective distances from this point will in 
both cases be equal. 


The loads being equal in this case the distances must be equal in order 
that the products be the same, so that the center of gravity of A+B isat 
G, which point is midway between A and B. 


Considering, next, the resultant doad of 2 at G, and the load of 1 at Cx 
the resultant load at the center of gravity of these will be 3, and this must be 
situated at a distance of two units from C, and one unit from G, so that the 
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distance 2 times the load 1 at C, equals the distance 1 tinses the load 2 at G. 
Having thus located the load 3 at H, the same method is followed in finding 
theload 4at I. Then in like manner the resultant load 4 and the load 1 at 
E, gives a load 5 at S. 


The point S being the last to be determined, represents, therefore, the 
position of the center of gravity of the entire system, and consequently the 
proper position of the plant in order to give the minimum loss of voltage on 
the lines. 


DISTRIBUTION 
CENTER A 


RIVER 





Fic. 4,733.—Station location. The figure shows two distribution centers as a town A, and 
suburb B, supplied with electricity from one station. For minimum cost of copper the loca- 
tion of the station would be at G, the center of gravity. However, it is very rarely that this is 
the best location. For instance at C, land is cheaper than at G, and there isroom for future 
extension to the station, as shown by the dotted lines, whereas at G, only enough land is 
available for present requirements. Moreover C, is near the railroad where coal may be 
obtained without the expense of cartage, and being located at the river, the plant may be run 
condensing thus effecting considerable economy. The conditions may sometimes be such 
that any one of the advantages to be secured by locating the station at C, may more than 
offset the additional cost of copper. 


The center of gravity as obtained in fig. 4,731 is very rarely 
the best location because other conditions, such as the price of 
land, difficulty of obtaining water, facilities for delivery of coal 
and removal of ashes, etc., may more than offset the minimum 
line losses and copper cost due to locating the station at the 
center of gravity of the system. 
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The more practical experience the designer has had, and the 
more common sense he possesses, the better is he equipped 
to handle the problem, as the solution is generally such that it 
cannot be worked out by any rule of thumb method. 

The cost for the station site may be so high as to necessitate 
building or renting room at a considerable distance from the 
district to be supplied. 


If the price of land selected for the station be high, the running ex- 
penses will be similarly affected, inasmuch as more interest must then be 
paid on the capital invested. 


The price or rent of real estate might also in certain instances alter thé 
proposed interior arrangement of the station, particularly so in the case of 
a company with small capital operating in a city whe.e high p-ices prevail. 
In general, however, it may be stated that whatever effect the price of real 
estate would have upon the arrangement, operation and location of a cen- 
tral station it can quite readily and accurately be determined in advance. 


With respect to the cost of land, room for future extension of 
the plant should be considered. 


Although such additional space need not be purchased at the time of the 
original installation it is well, if possible, to make provision whereby it can 
be obtained at a reasonable figure when desired. 'lTh? p'eliminary canvass 
of consumers will aid in deciding the amount of space advisable to allow 
for future extensions; as a rule, however, it is wise t> count on the plant 
enlarging tə not less than twice its original size, as often the dimensions 
have to be increased four and even six times those found sufficient at the 
beginning. 


Another item to be considered in the location of a plant is its 
environments, as it may be regarded as a nuisance by those 
residing in the vicinity, occasioning many complaints and liti- 
gation. 


'Thus, if the plant be placed in a residential section of the community 
the smoke, noise and vibration of the machines may become a nuisance to 
the surrounding inhabitants, and eventually end in suits for damage against 
the company responsible for the same. For these and the other reasons just 
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given a company is sometimes forced to disregard entirely the location of a 
central station near the center of gravity of the system, and build at a con- 
siderable distance; such a proceeding would, if the distance be great, neces- 
sitate the installation of a high voltage system. 


There might, however, be certain local laws in force restricting the use 
of high pressure currents on account of the danger resulting to life, that 
would prevent this solution of the problem. In such cases there could 
undoubtedly be found somesite where the objections previously noted would 
be tolerated; thus, there would naturally be little objection to locating next 
to a stable or a factory of any description. 


The matter of water supply is important because in a steam 
driven plant, water is used in the boilers for the production of 





Fic. 4,734.—Example of central station located remote from the distributing center and fur- 
nishing alternating current at high pressure to a sub-station where the current is passed 
through step down transformers and supplied at moderate pressure to the distribution system. 
In some cases the sub-station contains also converters supplying direct current for battery- 
charging. e‘ectro-plating, etc. 


steam by boiling, and if the engines be of the condensing type it 
is also used in the condenser for creating a vacuum into which 
the exhaust steam passes so as to increase the cfficiency of the 
engine above what it would be if the exhaust steam were 
obliged to discharge into the comparatively high pressure of 
the atmosphere. 
The force of this will be apparent by considering that the water con. 
sumption of the engine ordinarily is from 10 to 25 Ibs. of “feed water” per 
horse power per hour, and the amount of “circulating water” required to 


maintain the vacuum is about 25 to 30 times the feed water, and in the case 
of turbines with their 28 or 29 inch vacuum, much more. For instance, a 


` 2,734 ‚ Power Stations 
— 
1,000 horse power plant running on 15 Ibs. of feed water and 30 to 1 circu- 


lating water would require (1,000 X 15) x (304-1) 2465,000 Ibs. or 55,822 
gals. per hour at full capacity. 


The quality and possibility of a scarcity of water supply also 
is important. 

It is quite necessary that the water used in the boilers should be as free 

as possible from impurities, so as to prevent the deposition within them of 


any scale or sediment. The quality of the water used for condensing pur- 
poses, however, is not quite so important, although the purer it is the better. 








Fic. 4,735.—View illustrating the location of a station as governed by the presence of a water 
fall. In such cases the natural water power may be at a considerable distance from the center 
of gravity of the distribution system because of the saving in generation In the case of long 
distance transmission very high pressure may be used and a transformer step down sub- 
station be located at or near the center of gravity of the system thus considerably reducing ` 
the cost of copper for the transmission line 


If the plant is to be located in a city, the matter of water supply need not 
generally be considered, because, as a rule, it can be obtained from the 
waterworks; there will then, of course, be a water tax to consider and this, 
iflarge, may warrant an effort being made to obtain the water in some other 
way. In any event, however, the possibility of a scarcity in the supply 
should be reduced to a minimum. 

Ifthe plant be located in the country, some natural source of water would 
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be utilized unless the place be supplied with waterworks, which is not gen- 
erally the case. Itis usual, however, to find a stream, lake or pond in the 
vicinity, but if none such be conveniently near, an artesian or other form of 
well must be sunk. 


If abundance of water exist in the vicinity of the proposed installation, 
not only would the location of the plant be governed thereby, but the kind 
of power to be used for its operation would depend upon this. Thus, if the 
quantity of the water were sufficient throughout the entire year to supply 
the necessary power, water wheels might be installed and used in 
place of boilers and steam engines for driving the generators. The station 
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Fic. 4,736.—View of a station admirably located with respect to transportation of the coal 
supply 4s shown, the coal may be obtained either by boat or rail and with modern 
machinery for conveying the coal to the interior of the station the transportation cost is 
reduced to a minimum 


would then, of course, be situated close to the waterfall, regardless of the 
center of gravity of the system. 


With respect to the coal supply, the selection of a site for a 
power station should be such as will be convenient for trans- 
porting the coal from the supply point to the boiler room. 

In this connection, an admirable location, other conditions permitting, 


is adjacent to a railway line or water front so that coal delivered by car or 
boat may be unloaded directly into the bins supplying the boilers. 
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If the coal be brought by train, a side or branch track will usually be 
found convenient, and this will usually render any carting of the fuel 
entirely unnecessary. 


In whatever way the coal is to be supplied, the liability of a shortage due 
to traffic or navigation being closed at any time of the year should be well 
looked into, as should also the facility for the removal of ashes, before 
deciding upon the final location for the plant. ' 


Choice of System.— The chief considerations in the design of 
a central station are economy and capacity. When the current 
has to be transmitted long distances for either lighting or power 
purposes, economy is attainable only by reducing the weight of 
the copper conductors. This can be accomplished only by the 
use of the high voltage currents obtainable from alternators. 

Again, where the consumers are located within a radius of 
, two miles from the central station, thereby r2quiring a trans- 
' mission voltage of 559 volts or less, dynamo3 may b2 employed 
with greater economy. 

Alternating current possesses serious disadvantages for cer- 
tain important applications. 


For instance. in operating clectric railways and for lizhting it is often 
necessary t» transmit direct current at 52) volts a distance of five or ten 
miles. Instchcases, the e<cessive dzop cannot be ezonomically redacei by 
increasing the sizes of the line wire, whil2 a s :fficient increase of the voltag: 
would cause serious variations under chaazes of load. Hence, it is common 
practice to employ some form of auxiliary gene;atcr or booster, which when 
connected in series with the feeder, a tomatically maintains the req tired 
pressure in the most remote districts s» long as the main generators contin 1e 
to furnish the normal or working voltage. 


The advantage of a direct current installation in such cases over a similar 
plant supplying alternating current line is the fact that a storage battery 
may be used in connection with the former for taking u» the fluctuations of 
the current, thereby permitting the dynamo tə run with a less variable load, 
and consequently at higher efficiency. 


Direct current is required for certain kinds of electrolytic work, such as 
electro-plating, the electrical separation of metals, etc., also the charging of 
storage batteries for electric automobiles. 
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Sometimes the central station must be equipped with suitable apparatus 
for supplying both direct and alternating current. 

Thus, it is evident that the character of a central station will be governed 
to a great extent by the class of services to be supplied. 

An exception to this is where the entire output has to be transmitted a 
long distance t» the point of utilization. 
. In such cases a copper economy demands the use of high tension alternat- 
ing current, and its distribution to consumers rray le made directly by 
means of step down transformers mounted near by oc within the consumers’ 
premises, or it may be transformed into low voltage alternating current by 
a conveniently located sub-station. 
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Fic. 4,737.— Diagram illustrating diversity factor. By definition diversity factor combined 
actual maximum demand of a group of customers divided by the sum o, their individual maxi- , 
mum demands. Example, a customer has fifty (50) watt lamps and, of course, the sum of 
the individual maximum ¢emands of the lamps is 2.5 kw. watts (‘connected load”). The 
customer’s maximum demand, however, is 1.5 kw. Hence, the diversity factor of the cus- 
tomer’s group of lamps is 1.5+2.5=.6. In the diagram the ordinates of the curves show the 
ratio maximum demand lo connected load for various kinds of electric lighting service. 


Where the current is to be used chiefly for lighting and there are only a 
few or no motors to be supplied, the choice between direct current and 
alternating current will depend greatly upon the size of the installation, 
direct current being preferable for small installations and alternating cur- 
rent for large installations. 


If the current is to be used primarily for operating machinery, such as 
elevators, traveling cranes, machine tools and other devices of a similar 
character, which have to be operated intermittently and at varying speeds 
and loads, direct current is the more suitable; but if the motors performing 
such work can be operated continuously for many hours at a time under 
practically constant loads, as, for instance in the general work of a pumping 
station, alternating current may be employed with advantage. 


*NOTE.—The diversity factor of a customer's group of lamps, namely, the ratio of maxi- 
mum demand to connected load is usually called the demand factor of the customer. 
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Size of Plant.—Before any definite calculation can be made, 
or plans drawn, the engineer must determine the probable load. 
"This is usually ascertained in terms of the number and distances 
of lamps that will be required, by making a thorough canvass 
of the city or town, or that portion for which electrical energy 
is to be supplied. The probable load that the station is to carry * 
when it begins operation, the nature of this load, and the prob- 
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Fic. 4,738.—Load curve for one day. 


able rate of increase are matters upon which the design and 
construction chiefly depend. 

The load carried by a central station fluctuates with the time 
of day and also with the time of year. 

A fluctuating load is best represented graphically, that is to 
say by means of a curve plotted on coordinate paper of which 
ordinates represent load values and the corresponding abscissz 
time values, as in the accompanying curves. 

Where electricity is supplied for.power purposes to a number 
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of factories, the load is fairly steady, dropping, of course, during 
meal hours. In the case of traction, the average value of the 
load is fairly steady but there are momentarily violent fluctua- 
tions due to starting cars or trains. 

The peak load is the maximum load which has to be carried by 
the station at any time of day or night as shown by the highest 
point of the load curve. 

The machinery of the station evidently must be large enough 
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Fic. 4,739.—Load curve for one year. 


to carry the peak load, and therefore considerably in excess of 
that required for the average demand. The ratio of the average 
to the maximum load is called the load factor. 


There are two kinds of load factor: the annual, and the daily. 


The annual load factor is obtained as a percentage by multiplying the 
number of units sold (per year) by 100, and dividing by the product of 
the maximum load and the number of hours in the year. The daily load 
factor is obtained by *aking the figures for 24 hours instead of a year. 
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In addition to the machinery required to supply the peak 
load, there must be provided additional units for use in case of 
repairs or break down of some of the other units. 


*Steam Power Stations.— Boiler pressures for years have been 
increasing and as practiced today about 550 Ibs. steam pressure, 
730? steam temperature and 28.7 ins. vacuum are conservative 
upper limits for steam conditions in stations, yet semi-experi- 
mental plants are being constructed that exceed these limits. 
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Fic. 4,740.—Load curve of plant supplying power for the operation of motors in a manu- 
facturing district. The horizontal dotted lines show suitable power ratings. A properly 
designed steam plant has a large overload capacity, a hydraulic plant has a small overload 
capacity, and a gasoline engine plant has no overload capacity. Accordingly, the peak of the 
load (maximum load) may be 25 or 30 per cent in excess of the rated capacity of a steam 
plant, not more than 5 or 10 per cent in excess of the rated capacity of a hydraulic plant, 
not at all in excess of the rated capacity of a gas engine plant. 


In these stations there are differences in the installations and methods 
used in an attempt to secure greater economy. One type utilizes steam 
pressure of 1,200 Ibs. at a temperature of 750° in the boiler. This steam 
operates a turbine at the same pressure, and then is exhausted, while still 
dry, at a pressure of about 400 Ibs. into a separately fired or live steam re- 
heater where the temperature is raised until superheat exists. The steam 
then operates another turbine cylinder and exhausts to the condenser, or, in 


*NOTE.—Boilers, engines, turbines and steam auxiliaries have been described and 
their working principles explained at great length in the author's Engineers and Mechanics 
Guidea to which the reader is referred. 
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some designs, two cylinders may be used in the last part of the cycle, one 
operating between 400 lbs. and zero pressure and the exhaust steam from 
this after reheating operates another cylinder under vacuum conditions. 
This type of operation utilizes the regenerative cycle and a large part of the 


theoretical gain in efficiency is obtained indirectly through the use of the 
reheating operation. 
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Fic. 4,741.—Heat stream in an efficient station. Overall thermal efficiency 7100,000 22595 


0.3411 
B.t.u. per kw. hour based on 14,000 B.t.n. coal =0.975 Ib. B.t.u. per kw. hour =- 25 7 
13.650. All energy percentages refer to the energy in the fuel.—W. J. Wohienbers, Yale 
University. 


Another type of station has been suggested which will utilize 
the same initial pressure and temperature and the high and low 
pressure turbine cylinders but not the principle of reheating. 

The moisture in the steam after exhaust from the high pressure turbine is 


to be removed by mechanical means and the steam then used in the low 
pressure cvlinder. 
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In the majority of large stations recently erected it is cus- 
tomary to use electric drive for major auxiliaries and to practice 
multi-stage bleeding of the main turbine units for heating the 
feed water. 


If the steam be bled from the proper turbine stages, pressures and tem- 
peratures can be adjusted so that the feed water can be heated in successive 
stages to a degree almost equal to that of the boiler water temperature and 
a very efficient thermal system exists; the practical disadvantages of the 
bleeding system, however, as yet limit its application to two, three and four 
stage bleeding. 
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Fic. 4,743.—Steam condenser and feed water system in Avon Station of the Cleveland Elec 
tric Illuminating Co. 


Electric Drive for Steam Power Plant Auxiliaries.—Practi- 
cally all of the steam power plants now being designed or built, 
which fall in the central station class, are using steam bled 
from the main units for feed water heating and thereby obtain a 
higher plant efficiency than is possible by using the older scheme 





ит кд ср ee T И" 
4 


-2,744 Power Stations 





with steam driven auxiliaries and utilizing the exhaust steam 
from these for heating the feed water. 


This change in the heat cycle of the plants, together with the fact that 
extremely high steam pressure and temperatures are being used, has made 
the use of electric drive for auxiliary apparatus mare attractive than the 
use of small high pressure steam turbines or reciprocating engines. 


The reliability of an induction motor is considered higher than that of 
such steam equipment, and the maintenance of the steam turbine and high 
pressure steam piping is high as compared with electricdrive. It is of course 
necessary to supply an unfailing source of electric power. 
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Fic. 4,744.—System of auxiliaries in the Redmond station of the Philadelphia Electric Co. 


Some stations are provided with steam turbines for emergency 
operation of the most important auxiliaries or duplex units with 

a motor and turbine both connected to the same auxiliary unit. 

These are used principally on boiler feed and condenser pumps. 

Most central stations produce a.c. power and this is being quite generally 

used for driving the auxiliaries. A.c. motors are simple and dependable 

; and adjustable speed is obtained by using a wound rotor and pole changing 


induction motor, or brush shifting @.c. commutator motors, which are 
now available in both shunt and series types. 


, 
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Where wide speed ranges are required, d.c. motors are sometimes neces- 
sary or desirable, and are often used for operating stokers and fans. These 
auxiliaries may require rather accurate speed adjustment over a wide range. 
This is particularly true where powdered coal or oil is used for fuel, as just 
the right amount of air must be supplied at all times to burn the fuel 
properly. 


Electric drive is particularly well adapted to remote or automatic control, 
and many central station designers are taking advantage of these features 
for the auxiliaries. 


Group contro! or centralized control of boiler room auxiliaries 
is quite common practice. 


It is of primary importance to have motors and control such that in case 
of momentary voltage failure the auxiliaries will automatically restart. 
This is accomplished by the use of squirrel cage motors designed for full 

‘ voltage starting, and by modifications in control of slip ring and commutator 
type motors which insure sufficient starting torque from the motors to 
start the auxiliaries. 


The switching equipment required for auxiliary pewer circuits 
is becoming an important item in the modern central station due 
to the increasing amounts of power to be handled at 2,300 volts. 


It is not unusual to find that switches with upward of 100,000 kva. rup- 
turing capacity are required for 2,300 volt auxiliary feeder switches in the 
larger generating stations. 


General Arrangement of Steam Electric Stations.—This 
should follow certain rules, whenever space is available. The 
first consideration is the relative arrangement of the boiler and 
turbine rooms. The preferable arrangement is to have one row 
of boilers parallel with the line of turbines, as shown in fig. 4,746, 
with large boilers set singly; but as the size of the turbine unit 
increases beyond 2,000 kw. the length of the boiler room usually 
exceeds the length of the turbine room, whence it is necessary to 
set the boilers in batteries. 
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For turbines of 7,000 or 8,000 kw. capacity, the double row of boilers 
with central firing aisle, as illustrated in fig. 4,747, would be the next choice. 


For stations of 15,000 and 20,000 kw. units, the boiler rooms are generally 
turned at right angles to the turbine room, as shown in fig. 4,748. 


These arrangements follow the unit plan which is now universally recom- 
mended and which greatly simplifies the piping. 
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Ес. 4,746.—Stztion arrangement for turbine units up to about 2,000 kw. capacity. 


Past practice provided for greater boiler reserve; but the care 
and attention given to proper boiler maintenance and operation 
that a complete complement of spare boilers suitable for the 
spare turbines provides perfect security. 


The general arrangement of the auxiliaries are shown in the 
illustrations. 


Steam driven auxiliaries are shown, but as pointed out in the 
preceding section, electric drive is the prevailing practice. 
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Station Construction. —The construction or rearrangement 
of the building intended for the plant is a problem that under 
ordinary conditions would be solved by an architect, or at least 
by an architect with the assistance of an electrical or mechanical 
engineer, still there are many installations where the electrical 
engineer has been compelled to design the building. 

In such instances he should be equipped with a generai knowl- 
edge of the construction of buildings. It is not the purpose of 
theauthor to go into this phase of the subject.* Fics. 4,749 to 4,751.— 


Pumping head for con- 

"CONDENSER CONDENSER denser pumps. Atten- 
TI = tion should be given to 
the amount of power 
consumed in driving the 
condenser auxiliaries, 
and, as the circulating 
pump is the greatest 
Consumer, the pumping 
head as well as the vol- 
ume of water should be 
considered. Fig. 4,749 
shows the usual ar- 
rangement of the cir- 
culating pump for авиг- 
face condenser. D:men- 
sion C, should nct ex- 
ceed 20 feet which is 
about the limiting value 
of lifting power of the pump. The static pumping head C+D is affected by the siphon action 
due to the discharge, provided B, do not exceed 25 feet, as it is not safe to figure on a 
siphon of over 25 teet. If B, do not exceed 25 feet, then the pumping head equals A+ 
condenser friction+pipe friction. Fig. 4,750 shows the usual arrangement of circulating 
pump for a low jet condenser. As stated, dimension C, should not exceed 20 feet, as some 
margin should be retained between the vacuum in the condenser and the static lift and 
pipe friction. As the distance C, is reduced, the pipe friction must be increased by throttling 
by a valve in this pipe line, so as to limit the amount of water which the removal pump 
handles. The removal pump has to pump practically against full vacuum, which, for 28 
inches would be 32 feet. This results in a pumping head of 32 feet+-pipe friction—B. If 
dimension C, must exceed 20 feet, then a pump would have to be installed in the intake line, 
which would not be very desirable from an operating standpoint. Such a condition could 
be readily met by resorting to the barometric condenser shown in Fig. 4,751 where the pump 
ing head will be C+D-+ pipe friction++condenser friction. While the jet or the barometric 
condensers usually require less water, because of the smaller terminal difference between 
the outgoing water and the vacuum, they frequently involve an increase in the pumping head. 





Hydro-Electric Central Stations.—The economy with which 
electricity can be transmitted long distances by high tension 


*NOTE,—For the construction of buildings, see the author's Builders’ Guides. 
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alternating currents, has led to the development of a large num- 
ber of water powers in more or less remote regions. 




















ALTERNATOR 


SWITCH 


Е = —| 

Fic. 4,752.—Section of typical hydro-electric station showing the conventional arrangement 
of the apparatus in a typical small hydro-electric generating station. It also shows how 
simple and inexpensive a type of construction can be employed in the forebay, tailrace, 
etc., and in the building which houses the electrical apparatus. Simple construction is worthy 
of emphasis because it is often a deciding economic factor in the projected development of 
water power sites. The same arrangement of apparatus and building, layout applies to 
both automatically and manually controlled stations. 


This economy is possible by the facility with which alternating current 
can be transformed up and down. Thus at the hydro-electric plant, the 
current generated by the water wheel driven alternator is transformed to 
very high pressure and transmitted with economy a long distance to the 
distributing point where it is transformed down to the proper pressure for 
distribution. 
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The proper selection of a hydro-electric power house is governed by so 
many local considerations that a thorough study of the situation is essential 
in each individual case. The greater part of the cost of power production 
in hydraulic power houses is the fixed charges, and the initial cost of footings 
and foundations represents a considerable share of the total first cost. 


The principal conditions determining the selection of a site are: 


1. Bearing load of soil. 
2. Suitable disposition of tail water. 





J'16. 4,754.—Photograph of a tangential water wheel equipped with Peiton buckets in operation, 


NOTE.—The rapidly increasing price of coal is compelling the development of the 
smaller and more inaccessible supplies of water power and also the supplanting of old 
units by modern and more efficient machines. Modern electric equipment has made pos- 
sible the development of much water power that would otherwise go to waste, for the power 
can be developed at the dam in some remote spot and.consumed where most convenient. 
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3. Proximity to dam or head gates. 
4. Possible arrangement and direction of penstocks. 
5. Type of water wheel. 


A water wheel or turbine is a machine in which a rotary motion is ob- 
tained by transference of the momentum of water; broadly speaking, the 
fluid is guided by fixed blades, attached to a casing, and impinging on 
other blades mounted on a drum or shaft, causing the latter to revolve. 


The choice of a suitable water wheel lies between the impulse 
wheel, which is best suited for high heads, and the turbine wheel. 


The water turbine may be of vertical or horizontal design. The korizontal 
turbine may be provided with a casing and located in the generating room, 
or it may be of the submerged type and located in a basin contiguous to 
the generating room, with the shaft extending through the dividing wall to 
the alternator. 


The submerged turbine is used only on very low heads, but in some cases 
it lends itself to a very economical and advantageous design of station. 


The vertical turbine is particularly well adapted for large units. It takes 
considerably less floor space and, consequently. smaller foundation than 
the horizontal type. The vertical turbine necessitates the use of a step 
bearing; recent designs of such bearings for this purpose have proved quite 
satisfactory. 


General Arrangement of Hydro-Electric Station.—Invariably 
the turbines, alternators, exciters and controlling switchboard 
are housed in one large room. The prime movers should be 





NOLE.—The more accessible large supplies of water power have been largely devel- 
oped, but there remains a vast quantıty of easily available water power suitabie ror ariving 
small and medium sized alternators. In addition to these undeveloped sites, there are many 
old plants consisting of horizontal shaft alternators driven by long shafts gearea oc belted 
to water wheels. These shafts have been sprung out of line, the gears have become worn and 
broken, the efficiency of the water wheels, originally poor, has become worse through wear 
and corrosion until, at present, some of these old installations can convert into electrical 
energy only half the available energy of the water. The gears and belts not only occupy much 
valuable space but they waste energy, are noisy, and a constant source of annoyance and 
expense. 





—_ 





t 


2,754 Power Stations 


arranged in a single row to simplify the penstock and tail race 
design, and the exciters (if not directly connected to the main 
units) and other auxiliary equipment common to the station 
should preferably be located in the center. This arrangement 
is shown in figs. 4,755 and 4,756. 


Calculation of Water 
Power.—The head is 
found by direct meas- 
urement and the flow 
can be best determined 
by one of two gener- 
ally used methods. 
The simplest of these 
| is to utilize a weir to 
measure and compute 
the flow; but many 
streams are so large 
that the use of a weir 
would be impractic- 
able. 

It then becomes 
necessary to find the 
cross section of the 
stream by measure- 
ment and to ascertain 
the average velocity 
by a number of tests 
at various points. 






АРА 


VEEL. 
А 





Fic. 4,757.—Sectional elevation of one of the 5,000 horse power vertical Pelton-Francis 
turbines directly connected to generator, as installed for the Schenectady Power Co. 


* 
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Weir Method. 


A weir is a sharp crested dam placed so that all the water will 
flow over it without restriction. 


It is known that for any given depth of water over the crest of the weir a 
definite quantity will flow per minute. The factors for this flow have been 
determined and tabulated. The accompanying table gives these figures in 
condensed form, which are accurate enough for any preliminary calcula- 
tions. A weir should be constructed as shown in fig. 4,758. 





Fic. 4,758.—Weir for measuring the water flow. Place a board across the stream at some point 
which will allow a pond to form above. The board should have a notch cut in it with both 
edges and the hottom sharply beveled toward the intake, as shown. The bottom of the 
notch, which is called the crest of the weir, should be perfectly level and the sides vertical. 
In the pond back of the weir, at a distance not less than the length of the notch, drive a 
stake near the bank, with its top precisely level with the crest. By means of a rule, or a 
graduated stake, as shown, measure the depth of water over the top of the stake, making 
allowance for capillary attraction of the water against the sides of the rule. For extreme 
accuracy, this depth may be measured to thousandths of a foot by means of a '*hook gauge" 
familiar to all engineers. 


Having ascertained the depth of water as in fig. 4,758, refer to the accom- 
panying table from which can be calculated the amount of water flowing 
over the weir. Thereare certain proportions which must be observed in the 
dimensions of this notch. Its length or width should be between four and 
eight times the depth of water flowing over the crest of the weir. 
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shown in fig. 4,759. To obtain the flow it is necessary only to 
find the average velocity of the water. This is done by measur- 
ing the velocity either with a current meter or with weighted 
floats at a number of points, as indicated by crosses, and averag- 
ing the results by adding all the velocity measurements together 
and dividing by the number of measurements. Then, the aver- 
age velocity multiplied by the sectional area gives the flow of 
the stream. 





Fic. 4,759.—Method of measuring large flows. 


Useful Formulae 


The horse power of a turbine is dependent on quantity of 
water, head and efficiency. 


62.4XHXQXE 
h.p. = —— Lixa xE 


in which 
62.4 = weight of 1 cu. ft. of water 
H =head in feet 
Q=flow in cu. ft. per sec. 
E = percentage efficiency 
(assuming that E =80 per cent for full development) 
QXHXE _QXH 


а 11 
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the selection of an alternator is found by the formula 
| H.P.X 746 XE X .95 


keg = 


РЕ. 
in which P.F.=power factor, usually 8 
Е <alternator efficiency 
.746 =constant for relation of h.p. to kw. 
95 =per cent of power at best operating point of turbine. 
Approximate diameter of turbine runner: 


_ 1841.6 ХФХН 


р ВР.М. 


WM CURRENT TRANS 


“Т Ыл ак ы т. 
DIS. Sw. 
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Fic. 4,761.—Single bus, single circuit breaker system 


where D =diameter of runner in inches 
=head in feet 
R.P.M. =revolutions per minute 


$ —.8 for low head, .7 for medium head, and 
.6 for high head. 


Bus and Circuit Systems in Central Stations.—In this section 
will be considered some of the connection schemes in general use. 

Fig. 4,761 shows the simplest arrangement, known as the 
single bus system. 

Its use is confined to small unimportant stations where sim- 
plicity and economy are of primary importance and where pos- 
sible service interruptions can be tolerated. For switching 
under normal conditions and for protection of apparatus in 
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case of failure, this simple arrangement will meet every re- 
quirement. However, there is no flexibility and a failure of 
any alternator circuit requires the withdrawal of the corre- 
sponding machine and breaker in service, similarly with any 
of the feeder circuits. 

In case of insulation failure of a bus bar support, a com- 
plete shut down will result until the defect has been remedied 
by a rearrangement of the alternator and feeder circuit so 
that the feeders are taken off in between the alternators.: 

By use of sectionalizing disconnecting switches in the bus 
bars, a prolonged or complete shut down of the station may 
be partly guarded against. 


CURRENT TRANS 
Wve 


BUSA 
Bus B 
D (VY DIS. SW. 
J a © m ey СІЯ. 
BR. 
1 ` FEEDERS 


ALTERNATORS 


Fic. 4,762.—Double bus. single circuit breaker system. This arrangement greatly increases 
the chances for continuity oí service over tnat snown in fig. 4 741. One bus bar may be 
used as an auxiliary only, or one may feed a lighting load while the other feeds a power loa.t. 


In the case of an insulation failure of a bus support, the total bus would 
be cleared of power by the operation of the oil breakers, either automatically 
or manually, and the defective section of the bus isolated b; means of 
sectionalizing switches. The remainder of the station would then be put 
back into se;vice. 


Fig. 4,762 known as the double bus, single breaker system is 
the next step in flexibility at minimum cost. 


Such an arrangement will practically eliminate the possibility of a pro- 
longed shut down, such as might result in case of a bus failure. It also 


„= - = - rnc Ре 
ў 7 ` 
4 , 


_ ' Power Stations | 2,761 





permits maintaining service when working on either bus, such as cleaning 
the insulators, etc. It does not, however, eliminate the necessity of with- 
drawing apparatus from service in case of trouble on the corresponding 
circuit breaker. 


The principal advantage over the previous single bus arrangement is the 
fact that when feeders trip out, it is possible to first test them out on the 
spare bus before again placing them in normal service on the main bus. 
Quite often a tie bus breaker shown in dotted connection, fig. 4,763, is pro- 
vided to facilitate this matter of line testing or quick transferring of power 


(59 CURRENT TRANS. 
met. 
Ш 


-9 ? 
- CIR BR. Led 
FEEDERS 


Fr. 4,763.— Double bus system with tie bus in dotted lines. 


from one bus to the other. With the tie bus breaker closed, thereby ener- 
gizing both sets of bus bars, the transfer of a circuit carrying power from 
one bus to the other can he carried out without danger of interruption to 
service by means of the disconnecting switches. 


Fig. 4,764 shows the maximum flexibility of the scheme 
Kn as the double bus, double breaker system. 


This has all the advantages of the double bus, single breaker system with 
the additional assurance against a shut down of any particular circuit, due 
to circuit breaker trouble. This arrangement is, of course, the most expen- 
sive which is the only criticism that could be advanced against it. For this 
reason, this arrangement is usually adopted only in la-ge capacity stations 
where continuity of service is of prime importance and where its assurance 
will justify the expense. 


Between the double bus, double breaker system and the single 
bus system, there are several other combinations which differ 
slightiy from those described. 
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Fic. 4,764.—Double bus, double circuit breaker system. 
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Fic. 4,765.—Ring bus system, bus sectionalized. Suitable for stations of medium size where 
great flexibility and maximum economy in cost are desired. This arrangement requires a 
very small amount of copper in the bus bars. 














43,750 
KVA ALT. 


43,750 KVA 
ALTERNATOR 


Fics. 4,766 and 4,767.—Typical examples of '"H'' system. 
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The prime object, of course, of these different arrangements is to give the 
degree of flexibility which the local conditions seem to warrant, and at the 
same time keep the cost down to a minimum. 


Fig. 4,765 is a modification of the double bus, single breaker 
system in that the two buses are tied together by means of bus 


: : 


1 1 HT 


1 1 t LT 


Fic. 4,768.— System using single low and high tension bus. 


tie circuit breakers and disconnecting switches so as to form 
what is called a ring bus. For example, large generating stations 
in cities such as Philadelphia, New York, etc., use a scheme 
known as the “H” system whereby two feeder circuits are 
served from a pair of selector switches to either of two buses. 
This typical arrangement is shown by figs. 4,766 and 4,767. 
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For systems distributing all or part of their power through 
step-up transformers, the question of bus bar connection ar- 
rangements becomes somewhat more involved. 


There are many arrangements in service varying anywhere from a single ' 
low tension to a single high tension bus (as indicated in fig. 4,768), up toan 
elaborate arrangement using double buses, double breakers on both high 
and low tension circuits, as shown in fig. 4,769. If the station be at some 
distance from the load center, particularly hydro-electric stations, a very 


ty Hh 


ео 


Fic. 4,769.—Bus system using double buses and double breakers. 
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common arrangement of buses is shown in fig. 4,770. Here the alternator 
and the respective step-up transformers are treated as a unit and all power 
is sent out over two or more lines. 


Auxiliary power for the station is obtained from a low tension bus which 
may be connected to any one of the alternators. Normally, the alternators 
are not paralleled on the low tension bus. This arrangement while quite 
economical lacks flexibility. 


| i 


H.T. 





Fic. 4,770.—Common arrangement where station is at a distance from the load center. 


The alternator must be used as a unit on the corresponding transformer, 
and the failure of either or of the conductors between them will result in a 
shut down of both. Further, a failure of the high tension bus will result ina 
complete shut down of the plant until such time as repairs can be made. 


ME a 5 
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Fig. 4,771 shows a method of high tension connection which 
permits of certain flexibility and treats the transformer bank as 
part of the transmission line rather than as a unit with the 
alternator. 


In other words, the transformer capacity is chosen with respect to the 
transmission line capacity. This arrangement shows three high tension 


О 


о 


| | H.T. 
" 
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Fic. 4,771.—System in which transformers are treated as a part of the transmission line. 


breakers per group and often to reduce cost, the two ail breakers, marked 
A, and B, are replaced by three pole air break disconnecting switches manu- 
ally or electrically operated. If this substitution be made, then breaker C, 
operates both as a line breaker and as a transformer breaker. In fact, very 
often the low tension breaker D, would be used to trip out the circuit as the 
transformer would be considered as part-of the line. The advantage of this 
arrangement, of course,,is that when operating on the lew tension side, the 
magnitude of voltage surges resulting from high tension switching is reduced 
to a minimum. 

Some of the disadvantages of such an arrangement are that this scheme 
does not work out well in the network system, neither does it prove very 
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Fic. 4,772.—Bus system for large steam stations where power is fed into a H. T. network. 
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Fic. 4,773.—Bus system where all power is delivered to a H. T. hus. 
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| 
S economical where generating stations supply widely separated loads. This 
| is especially true where the transformers must be of different capacity to 
| meet the load requirements. : 


The particular application of such a switching arrangement seems to lie 
with a station where power is to be transmitted over a number of lines to a 
single substation. In such an event, the line and transformer banks are 
identical and if the line be lost, the corresponding transformer cannot be 
used. Consequently, in such cases, this scheme forms an effective and eco- 
nomical arrangement. 
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Fic. 4,774.—Single sectionalized bus system. "This system gives great flexibility of operation 
with minimum cost anl is suitable for medium sized plants. ПерепЛепсе із placed on 
single circuit breakers. Tne station may be o>erate.] in separate in tepenZent haives, local 
feeders being fel from either half. 


«ud 


Fig. 4,772, shows another arrangement for large steam sta- 
tions where all power is fed into a high tension net work 
distributed over considerable area. 


This station is a so-called base load plant. With this arrangement, each 
alternator and step up transformer is treated as a unit with no switching 
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devices between them. The high tension bus is a straight double bus, dou- 
ble breaker arrangement, affording a maximum amount of flexibility. The 
power for station auxiliary is obtained from a high tension step down 
transformer bank. 


Fig. 4,773, shows another station load plant where all power 
is delivered to a high tension bus. 
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Fic. 4,775.——Double bus, double circuit breaker system. This arrangement permits the use 
of any or all of the alternators, without regard to which of the transformers may be in op- 
eration. It is particularly suitable where the station output is taken over but two or three 
transmission lines to the same destination. 
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In this case, the transformer banks are of exceptionally large size and the 
alternators are in two or three units, the steam end consisting of one high 
pressure and one or two low pressure turbines. A maximum amount of 


flexibility is to be had as double buses are provided in both high and low 
tension. 


Figs. 4,774 to 4,777, illustrate some of the more important 
and commonly used arrangements of main circuits by some 
of the more prominent central stations in this country. 
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Fic. 4,776.—Single low tension, double high tension bus, single circuit breaker scheme. Low 
tension disconnecting switches permit the connection of an alternator direct to a trans- 
former (with or without connection to bus bar) connection of alternator to bus bar with 
transformer dead or connection of transformer to bus bar with alternator dead. All appa- 
ratus may be in service while the load is removed from either section of either bus bar for 
repairs or additions. 
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TEST QUESTIONS 


1. What is understood by the term "power station"? 
2. Give a classification of power stations. 
3. How is the location of a central station determined? 
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Fic. 4,777.—Single high tension bus scheme. The alternator and transformer are treated as 
a unit and all low tension switching is thereby omitted. The station auxiliaries are fed 


from any alternator or transformer circuit by means of the auxiliary bus. 


4. Define the term center of gravity as applied to distri- 
bution systems. 


5. What factors enter into the source of location of a 
central station? 


6. Why is the matter of water subply important? 


+ 
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10. 
EH: 


12. 
13. 


14. 


15. 
16. 


17. 


18. 
19. 
20. 
21. 
22x 
23. 


n-——————————  — DOO 


. What are the chief considerations in the design of a 


central station? 


. Define the terms "diversity factor" and "demand 


factor.” 


. Explain in detail how the size of a central station is 


determined. 
What is the load factor? 


What boiler pressure, super-heat and vacuum are 
commonly used in central stations? 


What kind of drive is used for the major auxiliaries? 


What is the comparison between electric and steam 
driven auxiliaries? 


Draw a sketch showing general arrangement of a 
steam electric station. 


Describe a hydro-electric station. 


Name two types of turbine used in hydro-electric 
Stations. 


What is the difference between an impulse and a re 
action wheel? 


What is a weir? 

Explain the weir method of measuring water flow. 
Draw a sketch showing construction of a weir. 
How is the velocity of water flow measured? 

Give formula for horse power of water turbine. 


Give the various bus and circuit systems in central 
Stations. 
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CHAPTER 90 


Sub-Stations 


By definition a sub-station is a building provided with ap- 
paratus for changing high pressure alternating current received 
from the central station into direct current of the requisite 


pressure, to meet the service requirements. In the case of a 


railway system of considerable length where traffic is heavy, 
sub-stations are provided at intervals along the line, each re- 
ceiving high pressure current from one large central station and 
converting it into moderate pressure direct current for their 
districts. 

The selection of apparatus and general arrangement of a sub-station 


depends upon the character of the work and method of converting or 
otherwise altering the current supplied from the central station. 


There are several general classes of sub-station: 


. Manually operated; 

. Semi-automatic; 

. Automatic; 

. Portable; 

. Supervisory controlled. 


Or WNW на 


In general the building for a sub-station should be sub- 
stantial, convenient to install or replace the heavy machines, 
and the layout arranged so that the apparatus can be readily 
operated by those in attendance. 
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An overhead traveling crane is the most convenient method of handling 
the heavy machinery, and is frequently used in large sub-stations. 


Fig. 4,779 showsa plan and fig. 4,780, an elevation for a small sub- 
station containing two rotary converters and two banks of three single 
phase static transformers operating on a three phase system at 11,000 or 
13,200 volts, together with the auxiliary apparatus. 


In the case of three phase installations with separate trans- 
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DOOR TO CURRENT 
AIR LOCK TRANSFORMER 


Fic. 4,778.—Plan of sub-station with air blast transformers and motor operated oil switches 
and underground 11,000 or 13,200 volt high tension lines. 


formers as compared with combined transformers, repairs are 
more readily made. 
The three phase units have the advantage of low first cost. 


Sub-station transformers produce considerable heat, due to the hyster- 
esis and eddy currents, and it is necessary to get rid of it. 
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Fic. 4,779.—Plan of small sub-station with single phase oil insulated self-cooling transformers 
and hand operated oil switches 11,0C0 or 13,200 volts, overhead high tension lines. 
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Small transformers radiate the heat from the shell and the medium sizes 
have corrugated shells which increase the surface and provide more rapid 
radiation. 


Automatic Sub-Stations.—In order to eliminate the un- 
certainty and expense of manual operation, unattended or 
automatic sub-stations have been introduced. This type of 
sub-station is provided with an assemblage of contactors, re- 
lays and other devices especially adapled to automatic control 
service. 


This equipment together with the motor driven master controller per- 
forms the usual functions of starting, shutting down and fully protecting 
the sub-station at all times, entirely independent of manual supervision. 


The automatic station is usually started by a load demand 
on that part of the system within its particular district. 


This is accomplished by a voltage relay, actuated from the trolley. 


The stopping indication is given by the operation of an under- 
load relay when the load diminishes to an uneconomical point. 
Starting and stopping of the station may also be accomplished 
by means of one of several remote control systems or by a 
time switch. 


The sequence of the various operations is determined by the motor 
driven master switch which was originally developed from the platform 
type drum controller. The fingers and segments of this switch make and 
break circuits, actuating contactors and relays which act directly on the 
machine circuits. This type of control, in addition to insuring a fixed 
and correct sequence of operation. also eliminates a large number of inter- 
locks. 
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Fics. 4,781 and 
4,782.—Plan and 
transverse — sec- 
tion of Generai 
Electric4,000 kw. 
automatic sub- 
station installed 
by N. Y. C. R.R. 
Co. at'110th St., 
N. Y.City. 
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As a concrete illustration, assuming a 600 volt, normal trolley 
pressure the automatic equipment starts the synchronous con- 
verter or motor generator when the voltage falls for in- 
stance, to’540 volts or below. 


This reduction in trolley voltage is occasioned by the heavy current 
demand of a car just entering the zone fed by this station. The voltage 
relay acts, d'1e to the reduction in voltage, and after a suitable time delay, 
to avoid starts due to current demands of short duration, actuates the 
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Fic. 4,783.—Control system requiring pilot wires for a remotely controlled automatic station. 
In the diagram a semi-automatic plant is controlled from some other station by means of 
a three phase power line and two additional conductors, for controlling the water wheel 
gate opening. The operator first closes the control switch, which causes the water wheel 
gate to open, thus starting the alternator. The field of the alternator is connected to the 
armature of the direct connected or belted exciter by the closing of the contactor in the 
main field circuit, and the alternator builds up the voltage as the speed increases. The op- 
erator, who has a synchronism indicator across the oil circuit breakez in the hand controlled 
station, adjusts the epeed and synchronizes the alternator as if it were a machine in the 
same plant. After the alternator is synchronized, the load, which is under the operator's 
control, may be adjusted to any desired amount. In order to have a lower value of ex- 
citation for synchrontzing than that required under full load operation, resistance is inserted 
in the alternator field circuit. This resistance is automatically short circuited by a con- 
tactor when the two stations are connected. 
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master switch. This energizes in proper sequence the operating coils of 
the a.c. starting field, and running contactors. 


As soon as the machine reaches normal voltage, the d.c. line contactor 
is closed and the master switch stops. The sub-station then continues to 
furnish normal trolley voltage until the current demand falls below some 
predetermined value. This occurs, of course, when the car or locomotive, 
which has been taking current, passes out of the section fed from this 
particular station. 
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Fic. 4,784.—Control system which does not require pilot wires fora remotely controlled auto- 
matic station. The operator starts the station by impressing fractional voltage on the line. 
The fractional voltage may be o^taine either from a starting compensator or from taps on 
transformers, provided that such are available. In the remotely controlled station, the 
alternator is equipped with an amortisseur winding and is started as an induction motor. 
As the alternator comes to synchronism the exciter builds up voltage and excites the alter- 
nator field, thus pulling the alternator into step. Ammeters, which are provided in the 
control station, indicate when the alternator pulls into step, and the operator then opens 
the fractional voltage supply and closes the line oil circuit breaker, thus applying full voltage 
to the remotely controlled alternator. The closing of the oil circuit breaker causes contactor 
A, to close, which applies full excitation to the alternator and opens the water wheel gate 
to full gate position. The gate motor is operated from direct current supplied by the ex- 
citer. To close down the remotely controlled alternator, the operator opens the oil circiut 
breaker in the main station. The alternator then speeds up, and centrifugal switch B, 
breaks the coil circuit of contactor A, Which drops out and completes a circuit to close the 
gate. The contactor is arranged to insért resistance in the exciter field circuit, which ‚рге- 
vents the alternator voltage rising above normal value. 
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Time delay features prevent the station dropping out until an appre- 
ciable period has elapsed, sufficient to take care of the normal service 
stops for discharging and taking om passengers. 


In the absence of manual attendants, the automatic sub- 
station is amply protected by reliable devices performing cer- 
tain functions, which in the manual sub-station would be taken 
care of by the operator; such as to: 


l. Start machines when demand exists or at direction of re- 
mote control. 
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Fic. 4,785.—Control system for an entirely automatic station (drum controller required). 
The entirely automatic station differs from .the remotely controlled station in that the 
power-line does not necessarily pass through a manually operated plant but may be tapped. 
directly into the transmission network. “The contacts of the float switch close when the 
water level in the forebay rises to.a predetermined level, thus energizing a relay and causing 
the contactor in the gate motor circuit to close. The closing of this contactor applies voltage 
to the polyphase gate motor, which is connected to the water wheel wicket gate through 
proper gearing. The motor opens the gate approximately 20% of full gate opening, which 
admits sufficient water to start the water wheel. At 20% gate opering, the gate motor 
contactor is dropped out by the breaking of its coil circuit, which is opened by one of the 
drum controller segments, the drum controller being driven through suitable gearing by the 
gate motor. The wicket gate stays in the partially open position until the water wheel 
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2. Protect machine against injury during starting. 

3. Connect machine to sub-station bus. 

4. Protect machine agaiust injury due to any cause while 
running. 

5. Shut down machine when demand ceases or remote con- 
trol indicates. 


In some of these operations, such as protection against ex- 
cessive temperature of load limiting resistors, or machine wind- 
ings, the machine is shut down until the temperature has 
dropped sufficiently to make operation safe. At this time, the 
machine again automatically resumes service. Where the shut 
down is due to other causes, an inspection may be required 
and the machine is not started again until the cause of the 
interruption has been determined and corrected. 


Scheme of Operation.—From the simplified wiring diagram, fig. 4,786, 
covering a typical 600 volt, synchronous converter installation, the general 
method of operation can be studied in detail. This diagram is so arranged 
that the various operations are indicated in sequence, beginning at the 
left. The starting indication is given by a voltage relay, which functions 
on low trolley voltage and operates through a time-delay starting relay 
(No. 2) to start the station. After this relay has operated, provided the 


Fic. 4,785.— Text Continued. 


comes to nearly synchronous speed, when the contacts of centrifugal switch A, driven from 
the shaft of the alternator, close, thus bridging the break in the drum controller segment 
and causing the gate motor to continue to open the gate. The proper segment on the drum 
controller then causes the fractional voltage oil circuit breaker to close, thus connecting 
the alternator to the fractional voltage transformer taps. A drum controller segment, then 
making contact, causes the alternator field contactor to close, the closing of which excites 
the alternator, pulling it intostep. By means of controller segments operating on the proper 
control circuits, the fractional voltage oil circuit breaker is tripped, and the main line oil 
circuit breaker is closed. The alternator is thus properly connected to the bus and operates 
at a load corresponding to the head of water available. If the level of the water in the fore- 
bay fall to a predetermined minimum, the station is automatically shut down. Where the 
head of water is constant and full kilowatt output from the alternator is desired at all times, 
the motor operated wicket gate may be dispensed with and the water wheel provided with 
fixed wicket gates. A motor operated or hydraulically operated valve can then be used 
for starting and stopping the station. 
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Fic. 4,786.— Wiring diagram of a typical automatic sub-station. 


1. Master starting element 11. Control power transtormer 

2. Time celay starting relay 12. Speed limit switch, hand reset 
4. Master control contactor 13. Synchronous s ee.i control relay 
6. Starting contactor 27. A-c. uncervoltage relay 

8. Control power switch 27X. Auxiliary reia7 foc No. 27 


various protective devices give correct indication, the master control con- 
tactor (No. 4) is closed. This actuates the motor mechanism of the oil 
circuit breaker which closes the breaker, thus energizing the a.c. bus. 


The protective devices again giving correct indication, the motor of the 
master switch, or drum controller (No. 34) is then energized and the drum 
starts to rotate. From this position the drum controller directs the se- 
quence of operations. About 30 seconds is required for a complete revolu- 
tion of this drum (from starting to running position, 23 seconds). 

A segment of the drum controller closes the starting contactor (No. 6), 
connecting the converter to reduced voltage taps on the transformer. At 
the same time the field-flashing motor generator, which is used to insure 
correct polarity, is started. и 

When the converter reaches synchronous speed, as indicated by a relay 
connected across the armature of the converter, the converter field is sep- 
aratelv excited bv the closing of contactor. (No. 31), which connects the! 
field to the field flashing generator. 
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Resistor temperature relay 48X. Auxiliary relay for Mo. 4%, hand reset 
Yield flashing contactor 49. A<. machine temperature relay 
Master switch 51. A-c.o erloa l time «etay relay 


34E. Fiellfasningmotorgeneratorset 52. Oil circvit } veaker an t mechanism 


D-c. reverse over an | uncerload relay 


Brush opecaling mechanism 62. Time celay stoppirg relay 


Polarize:l relay em 
Я 64. D-c. groun"ing rrotective relay, hand reset 

Bearing temperature relay,hané тр рс. fine eeni breaker 0 

ICM : 72. | D-c. line contactor 
A-c. machine Геја relay 73. Loailimiting re‘istor short circuiting contactor 
Full feli contactor 74. Load limiting resistor short circuiting contactor 
Running contactor 75. Load limiting resistor short circuiting contactor 
Balance | current relay 76. | D-c. overload relay 
Potential reverse phase relay 77. D-c. overload relay 
Starting protective relay 78. T-c. overload relay 


After sufficient time has elapsed to insure the establishment of correct 
polarity, the separately exciting field contactor is opened and the self- 
exciting field contactor is closed. The machine is now running at syn- 
chronous speed, self-excited, but on half voltage taps. The starting con- 
tactor (No. 6) next opens and the running contactor (No. 42) closes almost 
simultaneously, connecting the converter to full voltage taps on the trans- 
former. The converter brushes are lowered by the motor operated brush 
operating mechanism. The machine is now delivering normal voltage 
with correct polarity. The d.c. line contactor (No. 72) next closes, con- 
necting the converter to the d.c. bus through load limiting resistors. The 
load limiting resistors serve to limit the current when the machine is con- 
nected to the bus and are short circuited, in two or three steps, to further 
cushion the machine on the bus. 


The controller has now reached the full running position and the motor 
circuit is opened, stopping the controller until the machine is ready to 


' shut down. 


x 
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Under normal operation, the station shuts down when the load falls 
below a certain predetermined amount. By the use of the time delay 
feature, the actual shutting down does not take place until after the 
load has remained below the underload setting for a certain definite . 
interval. 
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Fics. 4,787 and 4,788.—Plan and elevation of typical outdoor semi-automatic sub-station. 


At the end of this time interval, the contactor (No. 4) opens the oil 
circuit breaker (No. 52), the running contactor (No. 42), and the line 
contactor (No. 72). 


The drum controller then returns to the "off" position and the 
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equipment resumes a position ready to respond to the starting indication 
resulting from the next reduction in the trolley voltage. 


Semi-Automatic Sub-Stations.—By definition this type of 
station is one which is started manually and runs until shut down, 
according to some schedule, by one of a number of different methods. 

These methods may be a time switch, momentary interrup- 
tion of a.c. supply, or by an attendant who enters the sub- 
station for that purpose. 
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FiG. 4,789.— Westinghouse synchronous visual type supervisory apparatus; dispatcher’s con, 
trol keys and indicating lamps. 
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Since the semi-automatic sub-station is attended only during the start- 
ing and possibly the shutting down period, it must be equipped with all 
protective devices such as are included with full automatic equipment. 
These devices include those to prevent open phase running, excess tem- 
perature of machine or transformer windings, overheated bearings, opera- 
tion with open shunt field winding, and averspeed of the machine. Of 
course, complete automatic operation of the d.c. equipment is essential. 


Since the station runs continuously during its scheduled 
period of operation there will be no saving in light load losses, 
such as would be effected by a full automatic equipment. 
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Fic. 4,790.—Westinghouse code visual type supervisory control apparatus; dispatcher’s con. 
trol and relay combined 
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Load requirements, however, may be such as to make this item negligible. 
The item of attendance is not entirely eliminated. 


Automatic Supervisory Equipment.—The ordinary automatic 
sub-station operates very satisfactorily and would meet all re- 
quirements were it not for the occasional unusual occurrence 
which is foreign to any predetermined set up, but which ‘is 
nevertheless vital to unit operation. 


For example, to meet emergency conditions in this class of setvice, it 
is essential that means be provided for quickly opening all feeders supply- 
ing a particular trolley section. In many installations where load condi- 
tions permit, it has also been found profitable and advisable to shut down 
and lock out certain automatic sub-stations during light load period. 
There is a demand, therefore, for some means of supervising these un- 
attended automatic sub-stations 
from a central point of dis- | ~ т JE ss | 
patcher’s station. - 














Fics, 4.791 and 4,792.— Westinghouse audible type supervisory control apparatus; fig. 1,791 
dispatcher's control equipment; fig. 1,792 sub-station relay cabinet. 
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A new class of equipment has been developed and is known 
as automatic supervisory equipment. “This equipment provides 
the dispatcher with a means of selectively controlling devices in the 
sub-stations and automatically gives him a visual indication of 
the sub-station apparatus by means of standard indicating lamps 
located in cabinets at his office. 

There are several types of equipment to meet various re- 
quirements and designated by the manufacturer as: 
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Fras. 4,793 10 4,795.—General Electric supervisory equipment: Dispatchers’ control 
equipment, 
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1. Synchronous visual type: 

2. Code visual type; 

3. Audible type; 

4. Synchronous selector type. | 


The first two types give the dispatcher a continuous visual indication 
of the position of the apparatus controlled, while the third type gives an 
audible signa! such as a bell tap or buzzer tone, informing the dispatcher 
of the conditions existing in the sub-station. 


A detailed description of the synchronous selector system as 
made by the General Electric Co. is here given to illustrate 
automatic supervisory control. The dispatcher's office equip- 
ment consists of control keys, indicating lamps; and necessary 
supervisory devices for receiving control impulses which indi- 
cate the positions of the various supervised units. 


The sub-station equipment consists of the supervisory devices which 
transmit the control impulses to the auxiliary control relays and send back 
indication impulses to the dispatcher’s office. 


At the dispaicher's office, each supervised unit has a key and lamp com- 
bination consisting of a standard two position turn key for control, a red 
light for indicating the closed position, a green light for indicating the 
open position, and a white light for indicating an automatic operation of 
the corresponding breaker unit. Each combination has a two position 
push and pull selecting key to stop the selectors at a point corresponding 
to the unit it is desired to control, and an associated amber lamp for 
indicating when the selectors are connected to that particular unit, as in 
figs. 4,793 to 4,795. 


The dispatcher controls the supervised unit in-the sub-station over the 
control circuit, and the indications from the supervised units are returned 
to the dispatcher over the indication circuit. 


The equipment at the sub-station is made to operate in synchronism 
with the equipment in the dispatcher’s office by means of current impulses 
sent over the synchronizing circuit. 


The schematic diagram shown in fig. 4,796 gives the control 
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indicates that the selectors in the dispatcher’s office and the 
outlying station are both in the zero, or starting, position. 


In case this white light be not burning, the dispatcher should synchronize 
the selectors in both stations by pushing the synchronizing key. It is 
not possible to operate the system if the selectors be not both in the zero, 
or starting, position. 


INDICATING 
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Fic. 4798.—Diagram of General Electric automatic supervisory equipment, cable type, for 
control and indication of remote power apparatus. To operate a breaker at an outlying 
station, the dispatcher turns the key assigned to that unit. If the breaker be closed, the 
red lamp lights and the green lamp goes out to indicate a completed operation. The white 
lamp remains lighted only during an operation, and goes out when the breaker closes. This 
lamp also lights when a breaker trips automatically and remains lighted until the dispatcher 
acknowledges the same by turning the key associated with it to the “trip” position. This 
operation makes a set up on the auxiliary relay at the breaker so that it can be closed when 
the key is turned to the ‘‘closed”” Position. A trip free contactor is used to allow the breaker 
to open if closed on an overload or short circuit, and thus prevents a Pumping action since 
the dispatcher’s control key is turned to the "closed" position. The connection diagram 
gives complete connections for two operating keys of the dispatcher's control cabinet. 
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Whenever the dispatcher desires to operate any oil circuit breaker or 
equivalent unit located in the outlying station, he first pulls the selecting 
key associated with the unit he desires to operate. By pressing the start 
key, the selectors at each station step in synchronism to:the selected po- 
sition and stop; the associated amber lamp lights, indicating that the se- 
lectors have reached the desired position. A control and an indicating 
circuit for that unit are now connected to the control and indicating wires, 
and the dispatcher can perform the desired operation by turning the indi- 
vidual control key and pressing the master operating key. The changed 
position of the supervised unit will be indicated at once by the red and green 
lamps. Upon completion of this operation, he presses the selecting key, 
which permits the selectors to return automatically to the zero position. 


The pilot light key should also be depressed to extinguish the pilot lamp 
so that it will be ready for the next operation. 


Upon reaching the zero position, the alarm bell (either single stroke or 
continuous ringing) rings and the white lamp is lighted, indicating that 
the system is ready for a new operation. However, if he so desire, the 
dispatcher can select successively any number of positions during a single 
rotation, provided they be taken in sequence. 


With the supervisory system at rest, assume an automatic 
operation of an outlying station breaker. 


The breaker auxiliary switch starts selectors which automatically check 
the position of all units supervised. During the operation, an indication 
is sent over the indicating wire to light the correct indicating lamp in the 
dispatcher’s office, and the alarm bell calls the dispatcher’s attention to 
this. Also the individual white light for this unit is lighted, so that the 
dispatcher can easily locate the unit which has operated. Similar opera- 
tion takes place in case of simultaneous operation of more than one out- 
lying station unit. 


The dispatcher can extinguish the white light and reset the trip free 
device for the breaker by selecting the supervised breaker and turning 
the control key so as to correspond with the position of the breaker. 


If, for any reason, such as inductive interference, the dispatcher's office 
and the outlying station selectors are thrown one notch out of step, the 
selectors stop immediately, and the dispatcher cannot perform any control 
operations. Thus no false operation can take place. The dispatcher has 
to push the synchronizing key, return the selectors to the zero position 
and start the operation all over again. 
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The position of all units indicated may be checked at any time by push. 
ing the starting key. 


A trip free feature is incorporated in the auxiliary relay equipment at 
the outlying station. A breaker when tripped open by a protective device, 
therefore, cannot reclose until this trip free device has been reset (except 
in the case of automatic reclosing equipments). 


The dispatcher resets the trip free device by performing the same on 
eration as that for tripping the breaker. 





Fic. 4,800.—General Electric supervisory equipment: Selector synchronizing relay. 


Operation of Circuits.—4As previously stated, the schematic 
diagram of the synchronous selector system shown in fig. 4,796 
gives the control circuits for only two units, numbered 9 and 18. 
It is understood, of course, that each selector unit is capable 
of handling 23 such circuits. 


Synchronizing Circuits.—The function of this circuit is to provide a 
means for forcing the selector in the sub-station to operate in exact syn- 
chronism with the selector in the dispatcher’s office. At each end of the 
synchronizing line and connected in series with it, is a polarity relay used 


Fic. 4,799.—Text continued. 


L.G., green lamp; L.R., red lamp; a, circuit closing auxiliary contact; bb, auxiliary con- 
tact, closed when mechanism is in open position; 101, master element; 151, a.c. over cur- 
rent relay; 152, oil circuit breaker and control relay; 179, a.c. time delay reclosing relay; 
186, locking out current relay. 
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as a selector synchronizing relay. Since the two relays are in series with 
each other, they will operate together whenever a current impulse is sent 
over the synchronizing line. 


The circuit for the two relays is completed at each end of the line through 
the synchronizing bank of the selector. 


The current impulses are fed into the synchronizing line with alternate 
polarity, as successive contacts on the synchronizing bank of the selector 
are connected to opposite polarity. The contacts on the selector syn- 
chronizing relays operate the matching magnets of the selectors by ap- 
plying alternate polarity at each step to one side of the notching coil. This 
circuit is completed to opposite pressure through the contacts of the 
notching bank. 
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Fic. 4,801.—Diagram of General Electric automatic telemetering equipment, frequency im- 
pulse system. Operation: Consider a totalizing watt hour meter, equipped with telemetering 
contacts and located at an outlying station. These contacts operate an auxiliary relay 
which transmits the impulses from the watt hour meter over the line wires to the load super- 
visor’s office. The impulses are received by auxiliary relays which transmit them to the 
recording and indicating telemetric receiver. Since each revolution of the watt hour meter 
shaft causes the telemetering contacts to send out a definite number of impulses, each im- 
pulse represents a definite block of power. Theretore, the rate of power with respect to 
time represents the actual kw. measured. The receiving telemeter is calibrated so that a 
certain number of blocks of power, or impulses per second, will bringthe pointer of the tele- 
meter to its full scale reading, or a definite part of full scale, the pointer indicating and 
a pen recording this position or the kw. load. The apparatus is accurate within 2 % of full load. 


NOTE.—General Electric supervisory equipment: The selector unit. The principal de- 
vice used in this system is the selector unit operating in conjunction with the selector relay 
unit. Tt is lozate ! at the lower right han:l corner oí the ^ ispatcher's panel, shown in fig. 4,793, 
and consists of five rows or banks of 25 contacts each, making a total of 125 contacts arranged 
in a semi-circle. There are five wipers, or armatures, one for each bank of contacts mounted 
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The initial or starting impulse is given when the dispatcher presses the 
start key. The pumping action of the selector synchronizing relays is 
then continued as long as the relays receive alternate positive and negative 
impulses from the contacts of the synchronizing bank. As soon as a con- 
tact is reached that is disconnected from the source of voltage, the selec- 
tors will stop. 


The dispatcher can disconnect any one of the contacts from the source 
of voltage by opening the circuit of that contact with the corresponding 
select key. It is in this way that the dispatcher chooses the supervised 
unit to be operated. After opening the proper select key, a press of the 
start button will give the initial impulse and start the selectors. They will 
‘continue to run until the open contact is reached. Both the selector in 
the dispatcher’s office and the sub-station selector will stop on the open 
contact. The wipers on all the other banks will be on the corresponding. 
contact on those banks. 


Control Circuit.—With the selectors in the dispatcher’s office and the 
sub-station stopped on corresponding contacts, a direct connection is made 
between the control key and the control relay of the supervised unit cor- 
responding to the position of the selectors. By turning the control key 
to one position or the other, the control line wire is connected to positive 
or negative pressure. 


Al the sub-station end, the control relay, being polarized, responds to the 
polarity of current and operates to close or trip the device under its control. 


NOTE—Continued. 


on a common shaft, that move over the semi-circle of contacts touching each of the stationary 
contacts in succession. Each armature or wiper is insulated from the others and has a sep- 
arate lead making a total of 130 connections to the selector. A driving magnet actuates the 
armatures by means of a notching arrangement. Each time the coil is deénergized the arma- 
tures are moved from one contact to the next. The five banks of contacts are known as the 
synchronizing, notching, control, indication and transfer banks corresponding to their func- 
tions. The synchronizing bank sends out alternate contacts and negative impulses of current 
over the synchronizing line, and for this reason alternate contacts of the synchronizing bank 
are connected to positive and negative polarity. These connections are made through the 
normally closed contacts of the select keys. The function of the notching bank is to reverse 
the current through the driving magnet of the selector in order to control its operation so 
that only one step at a time is taken. The alternate contacts of this bank are connected di- 
rectly to positive and negative polarity. The function of the control bank is to connect the 
control line wire to the control keys in succession. Therefore, each contact on the control 
bank is connected to the corresponding control key, and the armature is connected to the 
control line wire through the proper protective relays. The function of the indication bank is 
to connect the indication line wire to the indication relays in succession. Therefore, each 
contact on the indication bank is connected to the coil of the corresponding indication relay, 
and the in lication line wire is connected to the armature. The function of the tranzfer bank 
is to cause the amber lamp on the control unit to light when the selector stops on the cor- 
responding contact. 


\ 
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Fic. 4,802— Diagram of Gen- 
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“dips" and also permits any protective scheme to operate and clear the fault which may cause 
such ‘‘dips.’’ If under voltage conditions on the preferred line continue (usually from 5 
to 10 seconds or longer), the breaker on this line trips. The tripping action is accomplished 
by voltage from the emergency line. As soon as the preferred breaker opens, the emer- 
gency breaker closes. The control is so interlocked that when a transfer is made in this 
direction, the preferred breaker must be open before the emergency breaker can close. 
This arrangement is necessary because a fault might exist on the preferred line and if both 
breakers be closed simultaneously the fault would be reflected to the emergency line. This 
would probably result in a loss of station voltage and would, thereby, eliminate the means 
of opening the preferred breaker (over current protection is usually omitted and only voltage 
tripping is ordinarily used). Therefore in making this transfer the load is momentarily 
dropped. However, if voltage remain on the emergency line, and also return to the pre- 
ferred line for a definite time, the preferred breaker then closes, after which the emergency 
breaker immediately opens. This temporary overlap is so short that protective relays will 
not operate and it results in a re-transfer without dropping the load. With a slight varia- 
tion, the equipment described can be applied to incoming lines from non-synchronous 
sources (see Station No. 2). In this case, however, a momentary dropping of the load 
occurs in the transfer both to and from the emergency source. Other modifications of 
these equipments can be made to suit service requirements. 
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A positive impulse is sent to irip the device and a negative impulse to close 
it. As long as the selectors are standing at this point, the dispatcher may 
trip or close the device at will. 


Indication Circuit.—The function of the indication circuit is to notify 
the dispatcher of a change in the position of any device at the sub-station 
by extinguishing one lamp and lighting another. A white lamp is also 
lighted to indicate which of the devices operated. 


Assuming that the selectors are standing on one contact as described 
‘above, the indication circuit functions to indicate that a change has taken 
place each time the dispatcher opens or closes the device. 


The auxiliary switches on the supervised unit connect the indication 
line to either positive or negative polarity, depending upon which switch 
is closed. 


A current impulse is sent over the indication line to the indication relay 
in the dispatcher’s office. This relay operates to light a green or red 
lamp, indicating that the device is open or closed. 


After the dispatcher has completed the operation, the selectors may be 
reset to the zero position by closing the select key. Proper polarity is 
thereby supplied to start the selectors, which continue to run until the zero 
position is reached. 


NOTE.—General Electric supervisory equipment: Transfer selector. Since the selector 
unit has only 23 positions that can be used for control and indication, another selector is re- 
quired for each group of 23 units supervised. In order to transfer the synchronizing and 
notching circuits from the first to the second selector, from the second to the third, and so 
on, a transfer selector is re juired. This selector is the same as the first, except that only four 
banks of contacts аге ге штед. 


NOTE.—CGeneral Electric supervisory equipment: The auxiliary relays. The five auxil- 
iary relays are lettere 1 A, B, C, Dand F. Relays A and B, are the two starting relays. Relay 
А, is energized over the in lication line wire when the dispatcher presses the start key, and 
picks up to give the initial starting impulse to the selectors. Relay B, performs the same 
function, but is energize 1 whenever one of the indication auxiliary relays drops out because 
of a change in position of the supervise] units. Relay C, is a line cut o f relay that holds open 
the control line as long as te selectors are in motion. Relay О, is a voltage indication relay 
connected across the power supply. If any fuse blow, or power supply be lost for any other 
reason, relay D, opens the common line wire to prevent ooeration of any sort. With the se- 
lectors in the zero position when voitage is lost, the dispatcher is warne 1 by the alarm belli 
and loss of the starting position lamp. Relay F, is usel to caeck the synchronizing line wire, 
being de&nergize1 in the starting position if the line wire be open. — This relay is also deéner- 
gized as soon as the selectors start from the zero position. 


NOTE.—General Electric supervisory equipment: The indication auxiliary relap. These 
relays are normally picke up and are connected between either positive or negative power 
and neutral, by the auxiliary switches on the supervised units. A change in the position of 
a supervised unit will cause the indication relay to fall out. This causes the selector to start, 
if it be in the proper position, and the indication relay picks up, sealing itself in. The proper 
indication at the dispatcher's office is therefore assured. 
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In case any of the supervised units changes position while the selectors 
are in the zero position, the circuit for the corresponding indication auxil- 
iary relay is broken by the action of the auxiliary switches on the super- 
vised unit. The indication auxiliary relay drops out and completes a 
circuit for a starting relay which, in picking up, sends the initial impulse 
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Fic. 4,803.—A system of control which is adaptable to many automatic alternator instailations 
(drum controller not required). This system involves the use of a master starting element, 
shown in the diagram as a float switch, but which may be either a frequency controlled 
device, a pressure governor, or a relay energized over pilot wires, or any other device, which 
when operated, will close the circuit of a solenoid or other Starting device to admit water 
to the water wheel. When the water wheel comes to approximately 90% of synchronous 
speed, the contacts of the centrifugal switch close, which complete the circuit through an 
auxiliary switch attached to the gate mechanism to close the main line and the alternator 
field contactors. The closing of the alternator field contactor also completes the field circuit 
of the exciter. Owing to the time lag in the building up of its own field, the exciter excites 
the alternator an instant after the closing of the main line contactor, which pulls the alter- 
nator into step with a minimum disturbance to the system. The alternator, thus properly 
connected to the line, will carry iis share of the system load when a governor is used, but 
when the gates are motor or hydraulically operated, the load will depend upon the degree 
of the gate opening. When the master element opens the circuit of the starting device, or 
when the protective devices wired in series with the contacts of the master element operate, 
the station will close down. In closing down, the load on the alternator is first reduced, 

and then the main line and field contactors are opened by an auxiliary switch which is oper. 

ated from the gate mechanism. 
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Fic. 4,804.—Diagram of General Electric automatic switching system, for a.c. railway signal 
and train control feeders. Two classifications or feeder equipments are made: I, operation 
wükout a.c. reclosing relay; 2, operation with a.c. reclosing relay. The operation is de- 
scribed for any section of the fine, a section consisting of the line with an A, contactor at 
one end and a B, contactor at the other. 


Class 1.—With automatic resetting feature.—Assume normal line conditions with con- 
tactor A, closed and^B, open. If a trouble occur on the line, A, trips on overcurrent. After 
a short interval of two or three seconds, B, closes. If the trouble clear, B, remains closed. 
A, remains open, but resets ready for reclosure, with a two or three second delay if B, open 
later. If the disturbance persist, B, trips and locks open. A, is also.locked open. After the 
trouble is corrected A, is reset manually and normal operation is resumed. 


Class 2.—Without automatic resetting feature.—Assume normal line conditions with A, 
closed’ and‘B, open. ~ In-case-trouble-occur, A; trips-and:is-locked open until manually reset. 
After a brief interval of two or three seconds B, closes. If the line clear B, remains closed 
If the disturbance persist, B, trips and is locked open until manuaily reset. 


Class 3.—With complete automatic resetting feature —Using an a.c. reclosing relay to 
control the A, contactor, assume normal conditions with A, closed, and B, open. If trouble 
occur on the line, A, trips on overcurrent and after a brief interval of two or three seconds, B, 
closes. If the line clear, B, remains closed, and A, remains open, but resets ready for reclosure 
in two or three seconds if B, open later. If the disturbance persist, 3, trips and iocks open. 
After a time delay, A, recloses. If the trouble stil! remain until the last reclosure of A, by 
the reclosing relay, it is assumed to be permanent, A and B, then locking open. After the 
trouble is corrected A, is reset manually and normal operation is resumed. If the line clear 
before the last reclosure of A, this contactor remains closed. After a time delay to insure 
voltage is being maintained, B, resets ready for reclosure in two or three seconds if A, opens 
later. 


Class 4.—With partial automatic reset.—Assume normal conditions with A, tripping on 
overcurrent and B, closing as described above. If the line clear, B, remains closed, and A, 
remains open with resetting mechanism ready for a time delay reclosure if B, open later. 
If the trouble persist, B, trips and locks open. After a time delay, A, recloses. If the dis- 
turbance still remain until the last reclosure of A, by the reçlosing relay, it is assumed to be 
permanent, A, then locking open. After the trouble is corrected, both contactors are reset 
manually, and normal operation is resumed. If the line clear before the last reclosure of A, 
this contactor remains closed. Since B, is locked open, it must be reset manually in order to 
be ready for reclosure in case A, opens later. On voltage failure at any station, any contactors 
feeding from that station are opened and the signal line energized from the adjacent stations. 
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over the synchronizing line to start the selectors. The selectors continue 
to run until thè zero position is reached. 


As the wiper of the indication bank reaches the associated contact, an 
impulse of a polarity determined by the breaker a ixiliary switch is sent 
over the indication wire to operate the indication relay in th: dispatcher's 
office. Simultanevisly a pick up circuit for th» in fication auxiliary relay 
is completed by the wiper of the transfer bank. Th? indication auxiliary 
relay picks up and seals itself in through its own contact. 


Automatic Hydro-Electric Generating Stations.—In many 
places throughout the country there are small, undeveloped 
water power sites, which may be located near cach other on 
the same stream. It is not economical in many cases to use 
the total head of water of the several sites for the development 
of one large plant. 

To develop each site independently, although a compara- 
tively small initial investment is involved, may not be an eco- 
nomical operating proposition if operators b2 maintained; but, 
by the installation of automatic control equipment, which 
eliminates the operating force, each independent site can be 
developed into an economical plant. _ 

Control schemes may be roughly divided into two classes: 


1. The remotely controlled automatic station, in which the 
alternator leads run to the main station, where the alternator 
is synchronized by hand; 


2. The entirely automatic station, where the alternator is 
automatically synchronized into the transmission network. 

These control schemes are shown in the accompanying illus- 
trations. 


Class 4.—Continued from page 2,801. 
If complete automatic resetting be provided, this operation takes place after a brief interval 
of two to three seconds in all cases. If partial automatic resetting be provided, the operation 
takes place in two to three seconds at the first failure when A, opens and B, closes. However, ` 
upon the second failure when B, opens, there is a time delay (commonly about. !5 seconds) 
before A, recloses. . 


i ^ 
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TEST OUESTIONS 


. What is a sub-station? 


Upon what does the selection of apparatus and gen- 
eral arrangement of a sub-station depend? 


. Give a classification of sub-stations. 


How should a building be constructed for a sub- 
station? 


. Draw a sketch showing general arrangement cf ma- 


chines and apparatus in a sub-station. 


. What is an automatic sub-station? 


How is an automatic sub-station usually started? 


. What kind of relay gives the stopping indication? 
. Give the sequence of the various operations comprising 


the automatic feature of a sub-station. 


. Describe a control system requiring pilot wires for a 


remotely controlled automatic station. 


. Descrite a control system which does nct require a 


pilot wire. 


. Describe a control system for an entirely automatic 


station. 


. Make a sketch showing a wiring diagram cf a typical 


automatic sub-station. 


. Explain the operation cf all the automatic devices 


shown in the sketch of question 13. 


. What is a semi-automatic sub-station? 
. What methods are used in the operation cf a semi- 


automatic sub-station? 


. What automatic devices should be provided for semi- 


automatic stations, and why? 





— 
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18. 


19. 
20. 


21. 
22 
23. 


Give a comparison between automatic and semi- -auto- 
matic stations. ` 


Describe the automatic supervisory equipment. 

Describe the synchronous visual system of supervisory 
control. 

How does the code visual type work? 

Explain the audible type. | 

Describe the operation of the synchronous selector 
type. 
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CHAPTER 91 


Power Plant Operation 


This chapter relates to the "management" of power plants 
and this term as broadly used here includes: 


1. Selection 4. Testing. 
2. Location. 5. Running. 
3. Erection. 6. Care. 

7. Repair. 


"The designer of the plant, specifies or "selects" the machines. An erector 
should install them, but usually this job is left to the man in charge who in 
most small and medium size plants is the chief engineer, who also must run, 
care for and repair the machines. 


Selection.—To properly select a machine so that it will prop- 
erly harmonize with the conditions under which it is to operate, 
there are several things to be considered. 


1. Type; 
2. Capacity; 
3. Efficiency; 
4. Construction. 
The type depends upon the system to be used. Thus, the voltage in most 


cases is fixed except on transformer systems where a choice of voltage may 
be had by selecting a transformer to suit. 
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Inalternating current constant pressure transmission circuits, 
an average voltage of 2,200 volts with step down transformer 
ratios of !/1o and !/zo is in general use, and is recommended. 


For long distance, the following average voltages are recommended 
6,000; 11,000; 22,000; 33,000; 44,000; 66,000; 88,000; 


and higher, depending on the length of the line and degree of economy 
desired. Е 


In alternating circuits the standard frequencies are 25 and 60 
cycles. These frequencies are already in extensive use and it is 
recommended to adhere to them as closely as possible. 


In fixing the capacity of a machine, careful consideration should be given 
to the conditions of operation both present and future in order that the 
resultant efficiency may be maximum. 


Most machines:show the best efficiency at or ‘near full load. If the 
load be always constant, as for instance, a pump forcing water to a given 
head, it would be a simple matter to specify the proper size of machine, but 
in nearly all cases, and especially in electrical plants, the load varies widely, 
not only the daily and hourly fluctuations, but the varying demands depend- 
ing on the season of the year and growth of the plant’s business. All of these 
conditions tend to complicate the matter, so that intelligent selection of 
capacity of a machine requires not only calculation but mature judgment, 
which is only obtained by long experience. 


In the application and selection of rotating apparatus the fol- 
lowing suggestions as given by the National: Electrical Manu- 
facturers Association should be noted. 


Proper Selection of Apparatus.—Extreme care should be used 
in the proper selection of apparatus in order that satisfactory 
operation and good service will result. 


Where the apparatus is subjected to unusual risk, the engineering depart- 
ment of the manufacturer should be consulted; especially where the appa- 
ratus is used under the following conditions: 1, exposed to acid fumes; 2, 
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operated in damp places; 3, where an exceedingly high speed is required; 4, 
exposed to flour dust; 5, exposed to gritty dust; 6, exposed to steam; 7, oper- 
ated in poorly ventilated rooms; 8, operated in pits, or where entirely 
enclosed in boxes; 9, where the maximum operating temperature of the 
apparatus exceeds 90°C. 


Contrary to general belief a synchronous motor will not 
exert its maximum powcr factor correction when operating as 
a synchronous condenser, but will co so when carrying me- 


chanical load at leading power factor. 
\ 


The characteristic curve shown in fig. 4,807 is from a self-excited syn- 
chronous motor. It will be seen from the diagram, that this motor will cor- 
rect poor power factor conditions and at the same time carry the load of a 
similarly rated general purpose induction motoz. 


Iñ general, tke amount of powcr factor correction which a 
synchronous motor exerts may be varied at will, within the 
design limits of the motor, by varying its field excitation. 


Synchronous motors evidently furnish the ideal means to 
boost low, lagging power factor, particularly because they may 
be employed as power motors and at the same time correct 
poor power factor conditions. 


Uses of Single Phase Motors 





Туре Power Speed Adaptation 





Split 1/20 | Constant | Used upon ordinary lighting circuits to 
phase to i4 drive novelties, sign flashers, washing ma- 
chines—ordinary torque. 











Repulsion- | Y$ to | Constant | Used upon ordinary lighting circuits. Ap- 

induction | 10 А.р. plicable to machines requiring high starting 
torque and where low starting current is 
desired. Pumps, compressors, etc. 
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\ 
Uses of Polyphase Motors 





Type Speed Adaptation 
Squirrel Constant | Light group and individual drives requiring 
cage constant speed. No sliding electrical con- 


tacts. Used in textile mills, etc., where in- 
flammable dust or gases are encountered. 


Wound Constant | Used with large group or individual drives 
rotor requiring high starting torque and low start- 


ing current Used on heavy planers, plunger 
pumps, applications using flywkeels, etc. 


Wound By means of secondary control, 50% speed 
rotor variation.. Used on pumps, compressors, 


fans, etc. Same motor as used for constant 
speed. Varying speed obtained by second- 
ary control. 
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PER CENT SYNCHRONOUS SPEED 


Fic. 4,805.—Speed torque characteristics of Ideal 25 4.p., 440 volt, 3 phase, 1,800 т.р.т. 
general purpose type. self excited synchronous motor. This motor starts as an ordinary 
Squirrei cage motor with torque characteristics similar to the high torque squirrel cage 
motor. Zn general'it is not recommended thac the motor be started on full line voltage, 
Manuali starting can be accomplished by means of the ordinary reduced voltage type of 
compensator used for starting induction motors. For remote control the automatic com- 
pensator may be used with push button stations. After the motor attains approximate 
synchronous speed it automatically becomes a self-excited synchronous motor. Best re- 
sults are usually obtained with approximately 90% leading power factor at full load. 
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Synchronous Motors for Power and Power Factor Correc- 
tion.—It may be stated that the crowning feature of syn- 
chronous motors is their two fold use. They deliver, at con- 
stant speed, mechanical power and simultaneously improve bad 
power factor conditions. Though ordered as power motors to 
operate at unity power factor only, still in addition they may 
be called upon to exert their beneficial tendency on systems 
where low power factor prevails. 
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Fic. 4,806.—Curves showing losses for various power factors. Owing to the undue increase 
in power and line equipment necessitated by consumers operating at low, lagging power 
factor, it is obvious why central stations and power companies have taken a very uniriendly 
attitude toward consumers who operate at low, lagging power factor, and the increased 
tendency prevails to penalize such consumers by imposing a heavier power rate. Atthe 
present time some power companies are giving a bonus or rebate to consumers who use 
synchronous motors and therefore operate at a high power factor, because as is apparent 
from the above, this operation has a direct bearing оп the economy of the central station. 


Any electrical system furnishing power supplies current at a certain 
rated voltage, and the power consumed is proportional to the product of 
both. A system supplying alternating current is maintaining current at 
a certain power factor. This means that only part of the current is pro- 
ducing power while the balance is furnished as wattless current, which 
must be maintained for the operation of certain motors and equipment 
feeding from the supply. Only the watt curent produces usefu: work. 


у 
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‘The wattless current on the other hand requires the same attention and 
equipment in alternators, transformers, lines, etc., as does the watt cur- 
rent and produces the same losses in this equipment as does the watt or 
power current. The curves in fig. 4,806 show these losses increase as the 
power factor falls off, which actually means very much lowered efficiency 
both inside and outside the consumer’s plant. In other words, not only 
the user but also the central station supplying the power must increase 
the equipment of alternators, transformers, lines, feeders, etc., to take care 
of these losses. 
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Fic. 4,807.—Fower factor curves of Ideal self-excited synchronous motor and squirrel cage 
motor both rated at .25 й.р., 440 volts, 3 phase, 60 cycle, 1,800 s.r.p.»». It should be 
noted that with the windings provided for 90° leading power factor at full load, the power 
factor at 80% load is 80% p.f. leading at 60 95 load, 6595 p.f. leading, etc. When the motor 
is loaded to approximately 150% of full load the power factor is unity. The shaded area 
represents the leading kva. that this motor is capable of developing over the load range 
shown. During the starting period no excessive currents are carried in the auxiliary direct 
current winding of the armature; therefore, there is no possibility of damaging this winding. 
All heavy secondary starting currents are localized in the squirrel cage winding of the pole 
faces. No secondary resistance is required as the motor starts as an ordinary squirrel cage 
induction motor. As soon as synchronous operation is attained the pull out or break down 
torque is approximately 200 to 225 75 of full load torque, depending upon the field adjust- 
ment. This type synchronous motor is adapted for driving all kinds of machinery which 
require relatively high speed motors such as centrifugal pumps, line shafts, etc. Sufficient 
starting torque is available to start any load which a normal squirrel cage induction motor 
will start. 


Application of ‘‘General Purpose” Motors.—All performance 
guarantees given relate to the normal 40° C. rating and remain 
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unchanged when the permissible loading indicated by the service 
factor is utilized. 


Performance guarantees of momentary overloads, starting and pull out 
torque are all given as a percentage of the normal 40? C . rating, there being 
no change in the basic design of the motor or the pounds starting and pull 
out torque by the use of the conventional service factor. 

In general, slight differences in efficiencies and power factors may be 
expected at the permissible loading indicated by the service factor. 

The normal 40? C. general purpose motor is designed for continuous 
duty, 100% loading, an ambient temperature not exceeding 40?C ., an allow- 
able variation from rated frequency of 5% or a combined variation of volt- 
age and frequency not exceeding 10%. When authorized by the manufac- 
turer, such a motor operated at its rated voltage (and rated frequency in 
the case of alternating current motors) will carry continuously 1.15 times 
its rated load. This factor of 1.15 shall be known as a service factor. 


Usual Service Conditions for General Purpose Motors.— 
General purpose motors are designed to give successful opera- 
tion at rated load under the following service conditions defined 
as usual: 


1. An ambient temperature not exceeding 40°C. 


2. A variation in voltage of not more than 10925 abovs'or below the nam: 
plate rating. 


3. A variation in frequency of not more than 59% above or below thr, 
name plate rating. 


4. A combined variation of voltage and frequency of not more than 10% 
above or below the name plate rating, providing the frequency do not 
exceed 5% variation. 


5. An altitude not exceeding 1,000 meters (3,300 ft.). 


6. Location or atmosphere conditions as to dust, moisture or fumes 
which will not seriously interfere with the ventilation of the motor. 


7. Solid mounting and all belt drives and gearing in accordance with rules. 


In general, the service conditions to which such motors are subjected are 
uncontrolled and not subject to exact determination, and the basis of rating 
chosen provides a factor of safety of 10°C. temperature rise. 


Effects of Variation of Voltage and Frequency upon the Per- 
formance of Induction Motors.—Induction motors are at times 
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operated on circuits of different voltage or frequency from that 
for which the motors are rated. Under such conditions, the per- 
formance of the motor will vary from the standard rating. The 
following is a brief statement of some operating results caused 
by small variations of voltage and frequency, and is indicative 
of the general character of changes produced by such variations 
in operating conditions: 


1. Voltage variations of 10% on power circuits are allowed in most com- 
mission rules. However, changing the voltage applied to an induction 
motor has the effect of changing its proper rating as far as power factor and 
efficiency are concerned, in proportion to the square of the applied voltage. 


Thus a 5 д.р. motor, operated at 10% above the rated voltage, would have characteristics 
proper for a 6 h.p. motor (6.05 h.p. to be exact) and at 10% below the rated voltage, those 
of a 4 h.p. motor (more exactly 4.05 h.p.). It isof course obvious that if the rating of a motor 
were greatly increased in this way, the safe heating would frequently be exceeded. 


2. In a motor of normal characteristics at full rated horse power load, a 
10% increase of voltage above that given on the name plate would usually 
result in a slight improvement in efficiency and a decided lowering in power 

` factor. A 1095 decrease of voltage below that given on the name plate 
would usually give a slight decrease of efficiency and an increase in power 
factor. 


3. The starting and pull out torque will be proportional to the square of 
the voltage applied. With a 10% increase or decrease in voltage from that 
given on the name plate, the heating at rated horse power load will not 
exceed safe limits when operating in ambient temperatures of 40? C., or less, 
although the usual guaranteed rise may be exceeded. 


4. An increase of 10% in voltage will result in a decrease of slip of about 
17% while a reduction of 10% will increase the slip about 21%. 


5. Higher than rated frequency usually improves the power factor, but 
decreases starting torque, and increases the speed, friction and windage. 
At lower than rated frequency, the speed is, of course, decreased; starting 
torque is increased; and power factor slightly decreased. For certain kinds 
of motor load, such as in textile mills, close frequency regulation is essential. 


6. If variations in both voltage and frequency occur simultaneously, the 
effects will be superimposed. Thus if the voltage be high and the frequency 
low, the starting torque will be very greatly increased, but the power factor 
will be decreased and the temperature rise increased with normal load. 
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The foregoing facts apply particularly to general purpose motors. They 
may not always be true in connection with special motors built for a par- 
ticular purpose, or as applied to very small motors. 


Definitions 


Ambient temperature.—The temperature of the air or water which, 
coming into contact with the heated parts of a machine, carries off their 
heat. The standard ambient temperature of reference when the cooling 
medium is air, shall be 40° C. 


TORQUE IN LBS, AT 1 FT. RADIUS 


H D | 





100 оо 500 300 500 600 100 800 900 1000 "oo 1200 
REVOLUTIONS PER MINUTE 

Fic. 4,808 -—Torque characteristics of Ideal 25 А.р. double squirrel cage induction motor. 
The gain in efficiency of this type of motor over the standard squirrel cage motor is due 
to the fact that the inner squirrel cage winding;is made of very low resistance material and 
the rotor loss at full speed, full load reduces to an almost negligible value. In the old type 
of motor it was necessary to have considerable rotor resistance and therefore heavy rotor 
losses in order to gain sufficient starting torque. 


Brush dimensions.—The length of a brush is the maximum dimension 
in the direction in which the brush feeds to the commutator or collector ring. 
The thickness of a brush is the dimension at right angles to the length in the 
direction of rotation. The width of a brush is the dimension at right ‘angles 
to the length and to the direction of rotation, 


Conducting parts.—Those which are designed to carry current or 
which are conductively connected therewith. 





` 
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Connection diagram.—A diagram showing the relations and connec- 
tions of devices and apparatus of a circuit or group of circuits. 


Contact.—A surface common to two conducting parts, united by pres- 
sure for the purpose of carrying current. 


Continuous duty.—A requirement of service which demands operation 
at substantially constant load for an unlimited period. 


Enclosed machine.—A machine which is so completely enclosed by 
integral or auxiliary covers as to practically prevent the circulation of air 
through its interior. Such a machine is not necessarily air tight. ` 


Grounded parts.—Those parts of apparatus connected to ground or 
which may be considered to have the same potential as the earth. 


Insulating bushing.—A bushing which insulates a through conductor 
from the material through which the conductor passes. 


Intermittent duty.—A requirement of operation or service consisting 
of alternate periods of load and rest so apportioned and regulated that the 
temperature rise at no time exceeds that specified for the particular class of 
apparatus under consideration. 


Leads.—Insulated conductors, flexible or solid, furnished connected to а 
device or piece of apparatus. 


Open machine.—A machine of either the pedestal bearing or end 
bracket type, with no restriction as to ventilation other than that imposed 
by good mechanical construction. 


Periodic duty.—A requirement of service which demands operation for 
alternate periods of load and rest in which the load conditions are well 
defined and recurrent as to magnitude, duration and character. 


Protected machine.—A machine in which the armature, field coils and 
other live parts are protected mechanically from accidental or careless con- 
tact, while free ventilation is not materially obstructed. 


Rating.—A rating of a machine, apparatus or device, is an arbitrary 
designation of an operating limit. 


Semi-enclosed machine.—A machine in which the ventilating open- 
ings in the frame are protected with wire screen, expanded metal, or per- 
forated covers, the openings in which must not excecd LZ sq. in. in area and 


must be of such shape as not to permit the passage of a rod larger than 14 in. 
in diameter. 5 
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Varying duty.—A requirement of operation or service in which the 
apparatus is called upon to run at loads, and for periods of time, which may 
be subject to wide variation, but which are in no case sufficient to cau e the 
maximum temperature rating to be exceeded. In no instahce shall the 
no load losses be sufficient to cause the maximum temperature rating to be 
exceeded in any part under no load continuous operation. 


Weatherproof apparatus.—Apparatus so constructed or protected 
that exposure to the weather will not interfere with its successful operation. 


Connections and Markings of Terminals.—The purpose of 
applying markings to the terminals of electric power apparatus 
according to a standard is to aid in making up connections to 
other parts of the electric power system and to avoid improper 
connections which may result in unsatisfactory operation or 
damage. 


The markings are placed on, or directly adjacent to terminals 
to which connections must be made from outside circuits or 
from auxiliary devices which must be disconnected for ship- 
ment.' They are not intended to be used for internal machine 
connections. 


The markings consist of a capital letter of the alphabet followed by a 
subscript numeral (Arabic). The letter indicates the character or function 
of the winding which is brought to the terminal. 


A terminal letter followed by the subscript numeral ^0" designates a 
neutral connection. Thus To would be applied to the terminal on the con- 
nection from the neutral point of a stator winding. 


The subscript numerals 1, 2, 3, etc., indicate the order of the phase suc- 
cession for standard direction ot rotation. This standard direction of rota- 
tion for alternators and synchronous motors is clockwise when facing the 
end of the machine opposite the drive. 


It is customary to connect up the coil windings and place the coliector 
rings on this end. 


In a synchronous converter the sequence of the subscript numerals 1, 2, 
3 applied to the collector ring leads Mi, M;, Mi indicates that when the 


^ 
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collector ring leads are connected to correspondingly numbered terminals of 
a three phase alternator, the standard rotation of the alternator (clockwise 
facing the end opposite the drive) will cause the direction of rotation, which 
is clockwise when viewing the direct current or commutator end. 

On single phase transformers the subscript numerals indicate the polarity 
relation between terminals on primary and on secondary windings. Thus, 
during that part of the alternating current cycle when high tension terminal 
Hi, is positive (++) with respect to He, in the same part of the cycle the low 
tension terminal X;, is positive with respect to X2. The idea is further car- 
ried out in single phase transformers having tapped windings, by so applying 
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Fics. 4,809 to 4,812.— Connections and terminal markings for alternators and synchronous 
motors according to N. E. M. A. standard. Fig. 4,809, single phase; fig. 4,810, two phase; 
fig. 4,811, three phase; fig. 4,812, three phase with neutral connections brought out. Stand- 
ard phase and rotor rotation clockwise, facing the end opposite the drive. 


to the taps the subscript numerals 1, 2, 3, 4, 5, etc., that the voltage 
gradient follows the sequence of the subscript numerals. In the case of 
polyphase transformers, the terminal subscript numerals are so applied that 
if the phase sequence of voltage on the high voltage side is in the time order 
Hi, H, Hi, etc., it isin the time order X;, X:, Xs, etc., on the voltage side, 
and also in the time order Yı, Y+, Ys, etc., if there be a tertiary winding. 








Rotor and Phase Rotation.—Alternators driven counter 
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clockwise (clockwise is standard) will alternate without change 
in connections, but the phases will follow the sequence of 3, 2, 1, 
instead of sequence, 1, 2, 3, etc. Synchronous motors, syn- 
chronous condensers, induction motors and synchronous con- 
verters may be operated with reversed rotation by so transpos- 
ing connections that the phase sequence of the polyphase supply 
is applied to the terminals in reversed order for example 3, 2, 1. 


With synchronous converters, the practice of alternating current starting 
eliminates residual magnetism as the factor determining the direct current 
polarity. Proper polarity for connection to other apparatus is, therefore, 
secured either by separate excitation of the field, or by special manipulation 
ofa switch which permits the converter to reverse its direct current polarity, 
thus correcting a start with wrong polarity. 


If a synchronous converter is to be operated with reversed direction of 
rotation (counter clockwise viewing the machine from the commutator end) 
it is necessary to make a transposition of the armature leads, or a transpo- 
sition of the field leads, besides transposing the alternating current terminal 
connections as in the case of a dynamo. 


: Rating of Alternators.— These machines are rated at the load 
they are capable of carrying continuously without exceeding 
their temperature guarantees. The rating shall be expressed in 
koa. available at the terminals at .8 power factor. The cor: 
responding kilowatts should also be stated. 


Standard voltages are 240, 480, 600 and 2,400 and standard frequencies 
are 25 and 60 cycles per second. The standard excitation voltage for field 
windings shall be 125 volts d.c. Standard general purpose alternators shall 
operate successfully at power factors at least as low as .8. 


Voltage Taps of Transformers.—Standard distribution trans- 
formers, sizes 200 kva. and smaller, wound for voltages below 
the 6,600 volt class are not provided with taps. 


NOTE.—Dynamos with connections properly made up for standard rotation (clockwise) 
will not function if driven counter clockwise as any small current delivered by the armature 
tends to demagnetize the fields and thus prevents the armature delivering current. lf the 
conditions call for reversed rotation, connections should be made up with either the armature 
leads trarsposed or the field leads transposed. 





Fics. 4,813 to 4,818.—Lead markings; single phase transformers. A ani B, simple high and 
low voltage windings without taps; C and D, simple high and low voltage windings, with 
taps; E, series parallel low voltage winding without taps; F, series parallel low voltage 
winding, with taps. The leads are marked. 


NOTE.—Transformer name plate marking.—All transformer name plates include as 
a minimum the following information: 1, serial number; 2, type; 3, number of phases; 4, kva 
and time rating; 5, voltage rating; 6, frequency; 7, temperature rise; 8, polarity (for single 
phase transformers) 
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Standard single phase distribution transformers 200 &ra. and smaller of 
the 6,600 volt class or for higher voltages are provided with taps in the high 
voltage winding for approximately 5 and 10% voltage variation. 

Standard single phase distribution transformers, sizes above 200 kva. are 
provided with taps in the high voltage winding for 10% voltage variation 
jn steps of approximately 2%%. 


Standard three phase 
ADDITIVE ADDITIVE. distribution transformers 
POLARITY POLARITY above 200 kea. wound for ` 

voltages below the 6,600 

volt class, are provided 

with taps in the high volt- 

age winding for approx- 

imately 5 and 10 per cent 

voltage variation. Й 





Standard ‘three phase 
SUBTRACTIVE SUBTRACTIVE distribution transformers 

POLARITY POLARITY of the 6,600 volt class and 
above are provided with 
taps in the high voltage 
winding for approximately 
5 and 10 per cent voltage 
variation. 





The low voltage wind- 
ings of distribution trans- 
ADDITIVE formers of standard volt- 
POLARITY age ratings are not pro- 
vided with taps. 





Fic. 4,819.—Connections for single phase transformers in parallel illustrating hook up for 
transformers of additive polarity, subtractive polarity, and additive and subtractive 
polarity. ' 





2,820 Power Plant Practice 


Installation.— The placement of machines and apparatus in 
an electrical station is a task which increases in difficulty with 
the size of the plant. When the parts are small and compara- 
tively light they may readily be placed in position, either by 
hand, by erecting temporary supports which may be moved 
from place to place as desired, or by rolling the parts along on 
the floor upon pieces of iron pipe. If, however, the parts be 


sh 
CARRIAGE TRACK 
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Fic. 4,820.—Cross section of electrical station showing small traveling crane. 


large and heavy,:a traveling crane such as shown in fig. 4,821, 
becomes necessary. 

Care should be taken not to injure the bearings and shafts, 
the joints in magnetic circuits such as those between frame and 
pole pieces, and the windings on the field and armature. 

The insulations of the windings are perhaps the most vital parts of a 
generator, and the most readily injured. The prick of a pin or tack, a 
bruise, or a bending of the wires by resting their weight upon them or by 
their coming in.contact with some hard substance, will often render a field 
coil or an armature useless. 


1 
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Owing to its costly construction, it is advisable when transporting 
armatures by means of cranes to use a wooden spreader, to prevent the 
supporting rope bruising the winding. 


When the armature cannot be placed at once in its final 
position, it may be laid temporarily upon the floor, if a sheet of 
cardboard or cloth be placed underneath the armature as a 
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у. 
Fic. 4,821.—Cross section of electrical station showing a traveling crane for the installation 
or removal of large and heavy machine parts. The track upon which the crane moves is not 
supported by the walls of the building, but rests upon beams specially provided for the 
purpose. In addition to the horizontal motion thus obtaincd, another horizontal motion at 
right angles to the former is afforded by means of the carriage which, being also mounted 
on wheels, runs upon a track on the top of the beam. In the larger sizes of electric traveling 
crane, a cage is attached to the beam for the operator, who, by means of three controllers 
mounted in the cage, can move a load on either the main or auxiliary hoist in any direction. 


protection for the windings; in case the armature is not to be 
used for some time, it is better practice to place it in a horizontal 
position on two wooden supports near the shaft ends. 

For belt driven machines the base should be provided with 
V ways and adjusting screws for moving the machine horizon- 
tally to take up slack in the belt, as shown in fig. 4,822. 


н у у 
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Owing to the normal tension on the belt, there is a moment exerted equal 
in amount to the distance from the center of gravity of the machine to the 
center of the belt, multiplied by the effective pull on the belt. This force 
tends to turn the machine about its center of gravity. By placing the 

, Screws as shown, any turning moment, as just mentioned, is prevented. 


The assembling of a machine should progress by the aid of a 
blue print, or by the information obtained from a photograph of 
the complete machine as it appears when ready for service. 

ADJUSTING SCREW 


ge —_v WAYS —_ ei? 





Fic. 4,822.—Plan of belt driven machine showing V ways and adjusting screws for moving the 
machine forward from the engine or counter shaft to take up slack in the belt. 


Each part should be per‘ectly clean when placed in position, 

especially those parts between which there is friction when the 

machine is in operation, or across which pass lines of magnetic 

force; in both cases the surfaces in contact must be true and 
slightly oiled before placing in position. 

Contact surfaces forming part of electrical circuits must also be clean, 

and tightly screwed together. An important point to bear in mind when 


assembling a machine is, to so place the parts that it will not be necessary 
to remove any one of them in order to get some other part in its proper 
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position. By remembering this simple rule much time will be saved, and in 
the majority of instances the parts will finally be better fitted together than 
if the task has to be repeated a number of times. 


When there are two or more parts of the machine similarly shaped, it is 
often difficult to properly locate them, but in such cases notice should be 
taken of the factory marks usually stamped upon such pieces and their 
proper places determined from the instructions sent with the machine. 







—RELIEF VALVE 


„БАЗУ BEND 


SUCTION VALVE SHOULD BE LOWER 
THAN OUTLET FROM CONDENSER 


Fic. 4,823.—View of engine and condenser, showing how to arrange the piping to secure good 
vacuum. Locate the condenser as near the engine as possible; use easy bends instead of elbows: 
place the pump below bottom of condenser so the water will drain to pump. At A, isa relief 
valve, for protection in case the condenser become flooded through failure of the pump, 
and at. B, a gate valve to shut off condenser in case atmospheric exhaust be desired to per- 
mit repairs to be made to condenser during operation. A water seal should be maintained 
on the relief valve and special attention should be given to the stuffing box of the gate valve 
to prevent air leakage. The discharge valve of the pump should be water sealed. 


и 
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Belt and Pulley Information.—Maximum belt speed in feet 
per minute should not exceed 4,500. Belt speed in feet per 
minute equals 


dia. pulley in inches x3.1416 x r.p.m. 





Fic. 4,824.—Characteristics of the trammel. Jn using a trammel, care is necessary in hold- 
ing the bar to avoid serious mistakes. Since a trammel is frequently used for transferring 
measurements of large dimensions, the above caution should be noted. If a pair of ordinary 
trammels be put upon an ordinary wooden bar, and rest with their points upon a surface, 
the points can be brought nearer together as positions L, F, by bowing the bar backward 
in the center R, of its length, and also be made to move outward as pasitions L’F’, by bowing 
the bar forward at its center R’, the two cases being represented in an exaggerated degree 
in the figure. Hence a very stiff bar should be used and handled carefully to prevent any 
distortion. 


Fics. 4,825 and 4,826—Method of preventing vibra- 
tion and of supporting pipes. The figures show top 
and side views of a main header carried in suitable 
frames fitted with adjustable roller. While the pipe 
is illustrated as resting on the adjustable rollers, 
nevertheless the rollers may also be placed at the sides 
or on top of the pipe to prevent vibration, or in cases 
where the thrust from a horizontal or vertical branch 
has to be provided for. This arrangement will take 
care of the vibration without in any way preventing 
the free expansion and contraction of the pipe. 








NOTE.—The subject of pulleys and belts has been treated at such length in other 
sections of this work that it would be only superfluous repetition to discuss the subject here. 
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BELT SLIPPER 





Fics. 4,827 and 4,828.—Method of putting on belts when the driver is in motion, and device 
used. The latter is called a belt slipper, and consists, as shown in fig. 4,827, of a cone and 
shield, which revolve upon the stem, thus yielding easily to the pull of the belt. A staff 
or handle of any convenient length can be fastened to the socket. The mode of operation 
js illustrated in fig. 4,828, which is self explanatory. 


NOTE.—Main connections. Special attention should be given to all joints, whether 
clamped, bolted, or soldered; all contact surfaces must be clean and smooth. Clamping and 
bolting must be such that the pressure is evenly distrihuted, and that there is no possibility 
of the opening of a joint through vihration, or temperature changes. This is particularly im- 
portant where the connections and their joints are insulated after installation. Lock washers 
and lock nuts are sometimes necessary. 


NOTE.—The conductivity of a bolted or clamped joint is proportional to the pressure 
applied at the joint; and inversely, a poor joint may heat until the surface is annealed and 
oxidized which in turn causes increased heating. In soldered connections. the solder has 
greater resistance than the copper and, therefore, will heat if not sufficiently distributed over 
the entire joint. A heavy overload may cause sufficient heating to melt the solder, and care 
myst be taken that there is no strain or tendency to separate such joints. 


NOTE.—All contacts of hus bars and copper conductors must be thoroughly cleaned with 
emery and vaseline or oil. A coating of vaseline on the contact surfaces before they are bolted 
together will retard oxidation in the joint. It is recommended that this operation be extended 
to the entire surface of joint, also to the entire surface of the bars that are not to be insulated 
after installation, and then give the bars a coat of transparent lacquer to prevent tarnishing 
and to preserve a bright appearance. It is important that lacquer does not flow on the con- 
tact surfaces, and it is, therefore, best to do this work after the joints have been made. Al 
traces of oil must be removed before applying the lacquer. When changing buses that have 
been lacquered, the new contact surfaces should be washed clean with alcohol and then care- 
fully scraped. 
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The chart, fig. 4,829, gives the belt speed in feet per minute, 


when pulley diameter and 7.p.m. are known. 


, a 3in. pulley at 1,750 7.p.m. has 
As the belt speed is the same 


Example.—Following the heavy line 


a belt speed of 1,400 feet per minute. 
over both pulleys, this same chart will give the diameter of the other 


traveling at 1 


., it would be necessary for the driven pulley 


pulley. 


750 т.р.т., 


Example.—If a motor pulley 3 in. diameter, 


drive a pulley at 600 7.p.m 
to be 9 in, in diameter. 


BELT SPEED CHART 


і 
"NTTTITTT T 
МАС 2059 


Delius SAELE E 























This chart and the formulæ do not include the belt slip, 
which varies from 1 to 4%, and because of this belt slip, the 
Paper pulleys give about 1% slip and iron pulleys from 2 to 4% slip. 


driver pulley should be increased in diameter by 1 to 497. 
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Fic. 4,829.—Chart for finding belt travel in feet per minute. 
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The revolutions of any two pulleys over which a belt is run vary in inverse 
proportion to their diameters. 


The pulley that imparts motion to the belt is called the 
driver and that which receives motion is called the driven. 
From the above the following formulæ may be deducted. 


In which 
dn DN dn DN 


„а= —— ,М№= = пә —— 


D - Diameter of driver. 


SPEED OF BELT, 1000 FEET PER'MINUTE 


-1МСН МІрЕ 
Т е ааа 


DRIVER. SID 


34 LB:PULL IN BELT” 





Fic. 4,830.—Conditions for transmitting one horse power by belt. Rule; A single belt one 
inch wide and traveling 1,000 feet per minute will transmut one horse power; a double belt under 
the same conditions, will transmit twa horse power. 


а = Diameter of driven. . 
N 2 Number of revolutions of driver. 
n - Number of revolutions of driven. 

In the above formulae, and in the following example, the driver pulley 
diameter should be increased, or driven pulley diameter decreased by 1% 
to 4% due to slip of belt. 


Example:—Diameter of driven pulley 48 inches. Shaft speed 200 r.5.m.. 
motor speed 1,200 r.p.5. Find diameter of motor pulley 


= , by substitution 
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48 inches X200 


D= 
1200 


=8 inches, diameter of motor pulley. 


The chart, fig. 4,831, gives data necessary for calculating 
width of belt for the k.p. required to be transmitted. 


Having obtained the belt travel in feet per minute from fig. 4,829, the 


BELT HORSE POWER CHART 
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BELT TRAVEL IN FEET PER MINUTE 


Fic. 4,831.— Chart for calculating belt horse power. Leather belt on iron pulley. Maximum 
permissible stress 400 Ibs. per sq. in. For paper pulleys add 30% to #.p. For 4 ply canvas 
or rubber use single belt curve. 


upper part.of fig. 4,831 will give at once the #.p. per inch width for the 
different thicknesses of belt, which have 180° arc of contact. If the belt 
cover more or less than 180? of the arc of contact, the #.p. per inch width 
is changed by following the line of belt travel down to the 180° arc of 
contact horizontal line in the lower part of the chart, and from there go 
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up or down on the slant line, as the case may be, to the correct arc of 
contact, then following back up to the line indicating the type of belt to 
be used and from there to the left or right to the new A. p. per inch width. 
Knowing the k.p. necessary to be transmitted and the h.p. permitted per 
inch width, it is easy to calculate the width of belt necessary to transmit 
the required h.p. 


Minimum Size Pulleys for Leather Belting. 


Smailest || Smallest 
“Thickness Diameter | Diameter 
Oak Chrome 
Tanned 


[Light--- 


Single ply 
Heavy. 
(Eight е 
Double ply ! 
(Неауу_ Ё 
[Light. -. 


Triple ply [eae 





The ratio of diameters between two pulleys should not ex- 
ceed 1 to 5 under normal conditions, that is, without belt 
tightening device, or other means of securing belt contact to 
pulley. 

In case a greater ratio be required a jack shaft is often used with large 
and small pulleys, which arrangement gives a double change in speed. 


Of course the higher the motor speed for the same rating, the smaller the 
frame and lower the cost of motor. 


Horse Power and Torque.—The horse power or torque of 
induction motors, when put to a prony brake test, or other- 
wise, may be calculated by the following formule: 


_2eNT NT 


hb-= 33 900 3' 5,250 
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Me NRF T 9:290 В.р. 


p 2290 h.p. 





PULLEY 





Fic. 4832—Inclination of belt lap joint. Rule: The leading point of the joint should be on the 
outside when the driven pulley is the smaller, but on the inside when the driving pulley is the 
* smaller of the two. 





Fic. 4833—-Variation in arc of belt contact caused by change in size of driving or driven pulley. 
| When two pulleys A and B, are of equal size and connected by an open belt, the arcof con- 
tact a, will be approximately 180? (in actual practice the contact exceeds 180?, owing to the 
sag of the belt). When the drive from pulley A, is to a smaller pulley C, obviously the arc of 
contact x, is reduced, the amount of reduction depending upon the difference in the pulley 
diameters and their center-to-center distance. As the effective pull or difference in tension 
between the tight and slack sides of the belt is reduced as the arc of centact diminishes, this 
affects the amount of power that a given belt will transmit. 


Where: 


N=Revolutions per minute 
T — Torque in foot pounds at 1 foot radius 


| К = Radius in feet, or length of arm from center of motor shaft to knife 
edge on scales, in case of prony brake test. 


F-Pull in pounds as measured or weighed on scale. The constant 


Я 33,000 


5,250 = oe the number 33,000 
T 
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being the number of pounds required to be raised one foot in one minute 
to equal 1 Л.р. ог 60 times 550 pounds per second. 


Paper Pulley Dimensions and Belt Widths. 
(Standard practice for general purpose motors, according to N.E.M.A.) 


Hp. at Hp. at Hp. at Pulley Belt 
1150-1800 1150-1200 850-906 Width Width 
R.p.m. R.p.m. R.p.m. Inches Inches 
2% 
3% 
3% 
34 
4и 
4% 
5% 
63i 
634 
7% 
734 
734 
11 
12 
12 
13 
13 
15 


3 
4 
4 
4 
5 
5 
6 
7 
8 
9 
9 
10 


а 
C» p MISMOS OS соль рь с со с м 


— 
‚сє 
== 


н а а а а 
€n C бо АГ 
ка а ee 
~ о 





Operation of Alternators.— The operation of an alternator 
when run singly differs but little from that of a dynamo. 


As to the preliminaries, the exciter must first be started. This is done 
in the same way as for any shunt dynamo. At first only a small current 
should be sent through the field winding of the alternatar; then, if the 
exciter operate satisfactorily and the field magnetism of the operator show 
up well, the load may gradually be thrown on until the normal current is 
carried, the same method being followed as in the case of a dynamo. 


On loading an alternator, a noticeable drop in voltage occurs 
across its terminals. This drop in voltage is caused in part by 


NOTE.—Rubber belting. The advantages claimed for rubber belting are perfect uniformity 
in width and thickness; it will endure a great degree of heat and cold without injury: it is also 
specially adapted for use in damp or wet places, or where exposed to the action of steam; it is 
very durable and has great tensile strength, and when adjusted for service it has the most 
efficient hold on the pulleys, hence is less liable to slip than leather. Never use animal oil or 
grease on rubber belts, as it will soon destroy them. Rubber belts will be improved and their 
durability increased, by putting on with a painter's brush, and letting it dry, a composition 
made of equal parts of red lead, black lead, French yellow, and litharge, mixed with boiler 
linseed oil and japan enough to make it dry quickly. 
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the demagnetization of the field magnets due to the armature 
current, and so depends in a measure upon the position and 
form of the pole pieces as well as upon those of the teeth in the 
armature core. The resistance of the armature winding also 
causes a drop in voltage under an increase of load. 


Another cause which may be mentioned is the inductance of the armature 
winding, which is in turn due to the positions of the armature coils with 
respect to each other and also with respect to the field magnets. 


Alternators: in Parallel—When the load on a station in- 
creases beyond that which can conveniently be carried by one 
alternator, it becomes necessary to connect other alternators in 





Fic. 4,834—Step splice for a rubber belt. For belts larger than 12 inches the step splice here 
shown is recommended. A lap joint is formed having three steps, three or four inches being 
allowed for each ply of duck. Care should be taken not to cut into the ply below when form- 
ing a step. A good quality of rubber cement should be applied to the prepared surface. Three 
coats should be used, each coat being allowed to dry before the next one is applied. The ends 
of the belt may then be firmly pressed together. The joint thus formed is reinforced either by 
means of sewing it with a light leather lacing or by inserting small copper rivets. When rivets 
are used, they should be placed about 1}4 inches apart and the rows should be staggered. 


NOTE.—Parallel operation of alternators.—To operate alternators in parallel, the ma- 
chines must have: 1, the same rated voltage; 2, same frequency and 3, similar characteristics. 
It is not necessary that the machines have the same output capacity. It is, however, of prime 
importance that the driving engine governors have the same characteristics. Even though 
the alternators be identical, division of the load between them will depend entirely upon the 
steam supply to each. The machine getting most steam will deliver the most load, the load 
of each will be proportional to the steam supplied to it. 


NOTE.—Parallel operation of alternators.—The machines must be connected to give 
the same phase rotation. At the instant of cutting in, the phases of both machines must be the 
same, that is, in unison. 
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parallel with it. To properly switch in a new machine in 
parallel with one already in operation and carrying load, requires 
a complete knowledge of the situation on the part of the at- 
tendant, and also some experience. 

There are several methods of synchronizing or bringing the 
alternators in phase, as by the 


1. One dark lamp method; 
2. Two dark lamp method. 


BUS BARS 


BUS BARS 


MAIN 
SWITCHES 


SYNCHRONIZING 
LAMPS 





Fic. 4,835.—Synchronizing, ove dark lamp method. Assuming A, to be in operation, В, тау Бе 
brought up to approximately the proper speed, and voltage. Then if B, be run a little 
slower or faster than A, the synchronizing lamp will glow for one moment and be dark the 
next. When the lamp remains dark the machines are in synchronism and switch may be 
thrown in. 

Fic. 4,836.—Synchronizing, two dark lamp method. When the machines are in phase there 
will be no difference of pressure between the left hand terminals or between the right hand 


terminals of the two machines. Hence, if the synchronizing lamps be connected as shown, 
both will be dark, and the switch may be thrown in connecting the machines in parallel. 


3. Brilliant lamp method, or 
4. By use of synchronism indicator. 


These methods are given in the accompanying illustrations. 


pramepvu—— —— M 9 ENG ини, = —— 
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The connections for operating alternators in parallel are shown in fig. 
4,835. In the illustration the alternator A, is in operation and is supplying 
current to the bus bars. The alternator B, isat rest. The main pole switch 
B', by means of which this machine can be connected into circuit is therefore 
open. 


Now, if the load increase to such extent as to require the service of the 
second alternator B, it must be switched in parallel with A. In order that 
both machines may operate properly in parallel, three conditions must be 
satisfied before they are connected together, or else the one alternator will 


be short circuited through the other, and serious results will undoubtedly 
follow. 


Accordingly before closing main switch D, it is necessary that 
1. The frequencies of both machines be the same; 
2. 'The machines must be in synchronism; 


3. The voltages must be the same. 


The frequencies are made the same by speeding up the al- 
ternator to be cut in, or changing the speed of both until 
frequency of both machines is the same. 

In synchronizing by the one dark lamp method, it is advisable 
to close the switch when the machines are approaching syn- 
chronism rather than when they are receding from it, that is to 
say, the instant the lamp becomes dark. 


An objection to the one dark lamp method is that the filament of the lamp 
may break, and cause darkness, or the lamp may be dark with considerable 
x voltage as it takes over 20 volts to cause a 100 volt lamp to glow. 


NOTE.—To start two alternators simultaneously.— After bringing each of them up 
to its proper speed so as to obtain equal frequencies, the main switches may be closed, thereby 
joining their armature circuits in parallel. As yet, however, their respective field windings 
have not been supplied with current, so that no harm can result in doing this. The exciters 
of these machines after being joined in parallel, should then be made fo send d.c. simultane- 
ously through the field windings of the alternators, and from this stage on the directions pre- 
viously given may be followed in detail. 


NOTE.—Aiternatore driven by gas engines should have amortisseur windings to coun- 
teract the tendency to hunting when run in parallel. This counteraction is due to the fact 
that any sudden change in the speed of the field, generates a current in the amortisseur winding 
which resists the change of velocity that caused the current. 
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The voltage of an incoming machine may be adjusted so that it will be 
the same as the one already in operation, by varying the field excitation 
with a rheostat in the alternator field circuit. 


In synchronizing three phase alternators, three lamps are necessary only 
to insure that the connections are properly made, after which one lamp is all 
that is required. 


' If in synchronizing as in fig. 4,838 the three lamps become 
bright or dark simultaneously, the connections are correct; if, 
this action take place successively, the connections are wrong. 
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Fic. 4,837.—Synchronizing, brilliant lamp method. When the voltages are equal and the 
machines in phase, the difference of pressure between a, and a given point is the same as 
that between a’, and the same point; this obtains for b and b’. Accordingly, a lamp con- 
nected across a b’, will burn with the same brilliancy as across g’ b; the same holds for the 
other lamp. When the voltages are the same and the phase difference is 180° the lamps 
are dark, and as the phase difference is decreased, the lamps glow with inereasing brightness 
until at synchronism they glow with maximum brilliancy. Hence the incoming alternator 
should be thrown in at the instant of maximum brilliancy. 


Fic. 4,838.—Synchronizing three phase alternators, being an extension of the single phase 
method. Three lamps only are necessary to insure that the connections are properly made 
after which one lamp is all that is required. 


If wrong, transpose the leads of one machine until simultaneous action 
of the lamps is secured. 


In the operation of a synchronizer a hand moves around a 
dial so that the angle between the hand and the vertical is always 
NOTE.--A disadvantage of the lamp method is lack of sensitiveness. In place of 


lamps, some. form of synchroscooe or synchronizing indicator may be used. These instru- 
ments have been described in the chapter on Miscellaneous Meters. 


M 
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the phase angle between the two sources of electric pressure to 
which the synchronizer is connected. 


If the incoming alternator be running too slow, the hand deflects in 
ALTERNATOR 
91 






ALTERNATOR 
мег 


SWITCH SWITCH 


B 


-NO 


|a- TRANSFORMERS 


INDUCTION MOTOR 


Fics. 4,839 and 4,840.—Test for phase rotation where the original phase markings have been 
removed. Three small distribution transformers, the primary voltage of which is the same as 
the voltage of the alternator, are connected to the bus of machine No. 1, and a small three 
phase motor connected to the secondary of the transformer bank. The connections on the 
primary side of the transformers thay be marked 1,2,3, and the buses to which these leads 
are connected on machine No. 1 must also be marked 1,2,3. When the switch “A” is closed 
the induction motor will rotate in a given direction; this must be marked on the motor. 
The switch “A” is then opened and the transformer primary leads are connected to the 
buses of machine No. 2. The switch “B” is closed and the motor rotation is noted, If 
the motor rotate in the same direction as on machine No. 1, then the buses of machine 
No. 2, are marked 1,2,3, to correspond with the connection of the primary leads of trans- 
former bank. When the rotation of the motor is opposite to that af the test on machine 
No. 1, then the connection of the transformer bank leads No. 2 and 3, to the buses of ma- 
chine No. 2, are interchanged and then the buses of machine No. 2, are marked 1,2,3 to 
correspond with the connections of the transformer bank. The buses 1,2,3 may be termed 
X,Y,Z or anything else; the main point is that the phase rotation js now definitely found 
and the machines may be arranged to be connected together accordingly. In making the 
foregoing tests it is essential that the connections between transformers and transtormers 
and motor be left undisturbed. In order that these machines be placed in parallel the 
voltage and frequency of the two must be brought to the same point. This necessitates 
a volt meter and frequency meter on each machine. With voltage and frequency correct 
the final essential is that the machines be in phase, or, as it isusually termed, in synchronism. 
For though the voltage and frequency of the machines be exactly the same if they be out 
of phase 180* and the machines are thrown together it will be equivalent to a short circuit 
on the machines at twice normal voltage, since machine No. 1 will be maximum positive 
and machine No. 2 will be maximum negative at the same instant. When the machines 
are thrown together in exact synchronism and at exact voltage no current can flow between 
the machines. It will therefore be noted that it is desirable to synchronize properly. 
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one direction, if too fast, in the other direction. When the hand shows no 
deflection, that is, when it stands vertical, the machines are in phase. A 
complete revolution of the hand indicates a gain or loss of one cycle in the 
frequency of the incoming machine, as referred to the bus bars. 


Cutting out Alternator.— When it is desired to cut out of cir- 
cuit an alternator running in parallel with others, the method of 
procedure is as follows: 

1. Reduce driving power until the load has been transferred 

REACTOR RESISTOR 










\ SYNCHRONISM 
j^ INDICATOR 


SYNCHRONIZING BUSES 


RECEPTACLE 


PLU 


STARTING RUNNING 


SAME PHASE SOURCE TO BE. 
SYNCHRONIZED 


CONNECTIONS FOR 220 VOLTS OR LESS 


Fic. 4,841.—Connection diagram for synchronizing with synchroscope. The synchroscope 
shows the exact phase difference at any instant, and also shows whether the incoming ma- 
chine is running too fast or too slow. At exact synchronism the pointer remains stationary 
in a vertical position. When the voltage and frequency of the incoming machine are the 
same as the operating machine and synchronism is indicated, by the synchroscope, the in- 
coming machine is then thrown in parallel with the operating machine by closing the main 
switch of the incoming machine. It may be found necessary to adjust the load on the 
two machines. This can only be done by adjusting the governors of the engines driving 
the alternators. Adjusting the field rheostats after the machines are in parallel only affects 
power factor and voltage and has no effect on load division. In order to facilitate the ad- 
justment of the engine governors, it is quite usual to arrange a small motor geared to the 
governor and this motor is then operated from the main switchboard. 
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to the other alternators, adjusting field rheostat to obtain 
minimum current; 


2. Open main switch; 
3. Open field switch. 


Never open field switch before main switch. 


The ordinary method of cutting out an alternator is to open 
the main switch without any preliminaries, but an objection to 
this procedure is that it suddenly throws all the load on the 
other alternators, and causes "hunting." 


Transformers.— The kind of efficiency of.transformers the 
station master is interested in is the all day efficiency.* 


The usual all day efficiency is about 85 per cent for those of 1 kilowatt 
capacity, 92 per cent for those of 5 kilowatts capacity, 94 per cent for those 
of 10 kilowatts capacity, and about 94.5 per cent for those of 15 kilowatts 
capacity. 


Mineral oil is used in oil cooled transformers. Tt must be free from motis- 
ture. To test, thrust a red hot iron rod in the oil; if it “crackle,” moisture 
is present, The presence of moisture reduces the insulation value of the oil. 


Transformer Definitions 


Continuous duty.—A requirement of service which demands operation 
at substantially constant load for an unlimited period. 


Efficiency.—The ratio of the useful power output to the total power 
input. 


Impedance drop.—Vector sum of the resistance drop and the reactance 
drop. 


Indoor transformer.—One which, because of its construction, must be 
protected from the weather. 





*NOTE.—AU day efficiency.—This expression, as commonly met with in practice, de- 
notes the percentage that the amount of energy actually used by the consumer is of the total energy 
supplied to his transformer during 24 hours. 
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Intermittent duty.—A requirement of operation or service consisting 
of alternate periods of load and rest so apportioned and regulated that the 
temperature rise at no time exceeds that specified for the particular class of 
apparatus under consideration. 


Load losses.—These include I?R losses in the windings due to load 
current, stray losses due to stray fluxes in the windings, core clamps, etc., 
and in some cases with parallel windings, losses due to circulating current. 


No-load losses.—These include core losses I?R losses in the winding due | 
to exciting current an. dielectric losses in the insulation. 


Outdoor transformer.—One which is so constructed or protected that 
exposure to the weather will not interfere with its successful operation. 


Rating.—The rated kva. is the output which can be delivered continu- 
ously at rated secondary voltage and rated frequency without exceeding 
safe temperature limits. 


Reactance drop.—Voltage drop in quadrature with the current. 5 
Resistance drop. —Voltage drop in phase with the current. 


Subtractive and additive polarity.—lmagine a single phase trans- 
former having two high voltage and two low voltage external terminals. 
Connect one high voltage terminal to the adjacent low voltage terminal 
and apply voltage across the two high voltage terminals. Then, if the 
voltage across the unconnected high voltage and low voltage terminals be 
less than the voltage applied across the high voltage terminals, the polarity 
is subtractive; while if it be greater than the voltage applied across the high 
voltage terminals, the polarity is additive. 


Subway transformer.—One which is so constructed that it will operate | 
successfully when submerged in water under specified conditions of pressure 
and time. 


Voltage taps.—A full capacity tap is a tap from a transformer winding 
on which the unit may be operated at rated kva. capacity without exceeding 
the specified temperature rise. A reduced capacity tap is a tap on which | 
the unit may not be operated at full capacity without exceeding the specified 
temperature rise. 


In the selection of a transformer, one should be chosen, | 
whose parts are so proportioned that the point of maximum 
efficiency occurs at that load which the transformer usually 
Carries in service. 
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In many a.c. installations, comparatively light loads are carried the 
greater part of the time, the rated full load or an overload being occurrences 
of short duration. For such purposes special attention should be given to 
the designing or selecting of transformers having low core losses rather than 
low resistance losses, because the latter are then of relatively small im- 
portance. 


The regulation of a transformer may be improved by decreasing the 
resistances of the windings by employing conductors of greater cross section, 
or decreasing their reactance by dividing the coils into sections and closely 
interspersing those of the primary between those of the secondary. 


In transformers where there is a great difference in voltage between the 
primary and secondary windings, however, this remedy has its limitations 
on account of the great amount of insulation which must necessarily be 
used between the windings, and which therefore causes the distances be- 
tween them to become such as to cause considerable leakage of the lines of 
force. 


For the satisfactory operation of transformers in parallel, 
they must be designed for the same pressures and capacities, 
their percentages of regulation should be the same and they 
must have the same polarity at a given instant. 


One may satisfy himself as to the first of these conditions by examining 
the name plates fastened to the transformers, whereon are stamped the 
values of the respective pressures and capacities of each. 


Although equal values of regulation is given as one of the conditions to 
be satisfied, transformers may be operated in parallel when their percentages 
of regulation are not the same. Ideal operation, however, can be attained 
only under the former state of affairs. 


To test a transformer for polarity, join together by means of a 
fuse wire, a terminal of the secondary winding of each trans- 
former, and then with the primary windings supplied with 


NOTE.—The effect of moisture is to reduce the insulation value of transformer oil. 
.06 per cent. of moisture has been found to reduce the dielectric strength of oil about 50 per 
zent. "Dry" oil will withstand a pressure of 25,000 volts between two 9}4 inch knohs separated 
15 inch, 


NOTE.—Regulation.—By definition, regulation of a machine or apparatus in regard to 
some characteristic quantity (such as terminal voltage, current or speed) is the ratio of the 
deviation of that quantity from its normal vaiue at rated load to the normal rated load value. 


Power Plant Practice 2,841 


р a a I ЙЕ 


normal voltage, connect temporarily the remaining terminals ot 
the secondary windings. The melting of the fuse wire thus con- 
nected indicates that the secondary terminals joined together 
are of opposite polarities, and that the connections must there- 
fore be reversed, whereas if the fuse wire do not melt, it shows 
that the proper terminals have been joined and that the con- 
nections may be made permanent. 

The object of this test is, obviously, not to determine the exact polarity 


of each secondary terminal, but merely to indicate which of them are of the 
same polarity. 





Fics. 4,842 to 4,844.—Converter connections. : Fig. 4,842, double delta connection; 4,843, 
diametrical connection; 4,844, two circuit single phase connection. 


Rotary Converters.—A rotary converter is a reversible 
machine; that is, if it be supplied with d.c. of the proper voltage 
at its commutator end, it will run as a d.c. motor and deliver 
a.c. to the collector rings. While this feature is sometimes taken 
advantage of in starting the converter from rest, the machine is 
not often used permanently in this way, its commercial applica- 
tion being usually the conversion of a.c. into d.c. 

When driven by d.c. a rotary converter operates the same as a 
d.c. motor, its speed of rotation depending upon the relation 
existing between the strength of the field and the direct current 
voltage applied. 
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If the field be weak with respect to the arraature magnetism resulting 
from the applied voltage, the armature will rotate at a high speed, in- 
creasing until the inductors on the armature cut the lines of force in the 
field so as to develop a voltage which will be equal fo that applied. 


Again, if the field be strong with respect to the armature magnetism, resulting from the 
applied voltage, the armature will rotate at a low speed. If, therefore, it be desired to operate 
the converter in this manner and maintain an alternating current of constant frequency, the 
speed of rotation must be kept constant by supplying a constant voltage not only to the brushes 
pressing on the commutator, but also to the terminals of the field winding. 





EXCITER 
TRANSFORMER 


Fic. 4,845.—Wiring diagram of alternator, exciter, transformer and converter showing also 
switch board connections. 


When driven by a.c. a rotary converter operates the same as 
a synchronous motor. The most troublesome part of a con- 
verter is its commutator because of the many pieces of which it 
is composed and the necessary lines along which it is constructed, 
its peripheral speed must be kept within reasonable limits. 


When a rotary converter is operated in the usual manner on 
an a.c. circuit, the d.c. may be varied (from zero to a maximum) 
by changing the value of the alternating pressure supplied to 
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the machine, or it may be al- 
tered within a limited range by 
moving the brushes around the 
commutator, or in a compound 
wound converter by changing 
the amount of compounding. 

Under ordinary conditions, 
varying the voltage developed 
by changing the voltage at the 
motor end is not practical, 
hence the voltage developed 
can be varied only over a limited 
range. In addition to this, the 
voltage developed at the direct 
current end bears always a cer- 
tain constant proportion to the 
alternating current voltage ap- 
plied at the motor end; this is 
due to the same winding being 
used both for motor and gener- 
ator purposes. 


== 





ynchronous converter with delta-Y connected step down transformer with the 


e fa 


In all cases the proportion is such 
that the alternating current voltage 
is the lower, being in the single phase 
and in the two phase converters 
about .707 of the direct current volt- 
age, and in the three phase converter 
about .612 of the direct current volt- 
age. It is thus seen that whatever 
value of direct current voltage be 
desired, the value of the applied 
alternating current votage must be 
lower, requiring in consequence the 





distortion due to the unbalanced d.c. in the neutral. 


neutral brought out. 
Fic. 4,847.— Wiring diagram of three wire synchronous converter with distributed Y secondary. This system avoids the flux 


“1G. 4,846.—Wiring diagram for three wire s 
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installation of step down transformers at the sub-station for reducing the 
line wire voltage to conform to the direct current pressure required. 






BANK OF LAMPS 


THREE PHASE 
CONVERTER 


Fic. 4,848.—Wiring ciagram showing arrangement of incandescent lamps for determining the 
proper phase relations in starting a rotary converter. The alternating current side of a 
three phase converter is shown at C. The three brushes, D, T and G pressing on its col- 
lector rings are joined in order to the three single pole switches H, L and B, which can be 
made to connect with the respective wires M, R, and V, ofthe alternating current supply 
circuit. Across one of the outside switches H, for example, a number of incandescent lamps 
are joined in series as indicated at E, while the three pole switch (not shown) in the iain 
circuit, between the alternator and the single pole switches is open. If then the main switch 
just mentioned and the middle switch L, be both closed, and the armature of the alternator 
be brought up to normal speed by running it as a direct current motor, the lamps at E. 
will light up and darken in rapid succession; the lighting and darkening of the lamps will 
continue until, by a proper adjustment of the speed, the correct phase relations are estab- 
lished between the alternating current in the supply circuit and the alternating current 
developed in the armature of the converter. As this condition is approached, the intervals 
between the successive lighting up and darkening of the lamps will increase until they re~ 
main perfectly dark. There is then no difference of pressure between the supply circuit 
M,R,V, and the rotary converter armature circuit, so the source of the direct current may 
at that instant be disconnected from the machine, and the switches H and B, closed. If 
the change over has been accomplished before the phase relations of the two circuits differed, 
the converter will at once conform itself to the supply circuit and run thereon as a syn- 
chronous motor without further troubie. 
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Starting of Rotary Converters.—There are several methods 
any one of which may be employed, the choice in any given case 
depending upon which of them may best be followed under the 
existing conditions. 


Starting with d.c. The same connections would be made between the 
source of the direct current and the armature terminals on the commutator 
side of the converter as would be the case were a direct current shunt 
motor of considerable size to be started; this means that a starting rheostat 
and a circuit breaker will be introduced into the armature circuit. 


An adjustable rheostat will, of course, be connected in the field circuit 
for regulation. Before starting the converter, however, it is necessary to 
do certain wiring between the terminals on the collector side.of the ma- 
chine and the alternating current supply wires, in order that the change 
over from direct current motive power to alternating current motive power 
may be made when the proper phase relations are established between 
the alternating current in the supply wires and the alternating current 
in the armature winding of the converter. 


In order that proper phase relations exist, the armature of the con- 
verter must rotate at such a speed that each coil thereon passes its proper 
reversal point at the same time as the alternating current reverses in 
the supply wires. This speed may be calculated by doubling the fre- 
quency of the supply current and then dividing by the number of pole 
pieces on the converter, but a far more accurate method of judging when 
the converter is in step or in synchronism with the supply current consists 
in employing incandescent lamps as shown in fig. 4,848. 


Starting with a.c. This may be done by applying the alternating 
pressure directly to the collector rings while the armature is at rest. There 
need be no field excitation; in fact the field windings on the separate pole 
pieces should be disconnected from each other before the alternating 
voltage is applied to the armature, else a high voltage will be induced in 
the field windings which may prove injurious to their insulation. 


In starting with a.c. about 100 per cent more than that 
required for full load, is necessarv. у 


Wiring of Rotary Converters in Sub-Stations.— Beginning at 
the entrance of the high pressure cables, first there is the wiring 
for the lightning arresters, then for the connection in circuit of 


` 
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the high tension switching devices, from which the conductors 
are led to bus bars, and thence to the step down transformers. 


On a three phase system the transformers should be joined in delta 
connection, as a considerable advantage is thereby gained over the star 
connection, in that should one of the transformers become defective, the 
remaining two will carry the load without change except more or less 
additional heating. Between the transformers and rotary converter the 
circuits should be as short and simple as possible, switches, fuses, and 
other instruments being entirely excluded. The direct current from the 
converter is led to the direct current switchboard, and from there dis- 
tributed to the feeder circuits. 


In large sub-stations containing several rotary converters 
they are frequently installed to receive their respective currents 
from the same set of bus bars; that is, they may be operated as 
alternating current motors in parallel. They are also frequent- 
ly operated independently from single bus bars, but very seldom 
in series with each other. 

To provide against interruption of service in sub-stations 
there should be one reserve rotary converter to every three or 
four converters actually required. 


Hunting of Rotary Converters.—In operation the inertia of a 
converter armature tends to maintain a constant speed; varia- 
tions in the frequency of the supply circuit will cause a displace- 
ment of phase between the current in the armature and that in 
the line wires, which displacement, however, the synchronizing 
current strives to decrease. 

The synchronizing current, although beneficial in remedying the trouble 


after it occurs, exerts but little effort to prevent it, and many attempts 
have been made to devise a plan to eliminate this trouble. 


There are several methods used to prevent hunting, namely 


1, The employment of a strongly magnetized field relative to that de- 
veloped by the armature: 
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2, A heavy fly-wheel effect in the converter; 

3, The increasing of the inductance of the armature bv sinking the 
windings thereon in deep slots in the core, the slots being provided with 
extended heads; 

4, The employment of damping devices or amortisseur winding on the 
pole pieces of the converter. i 


The damping method is the best method. 


The devices employed for the purpose are usually copper shields placed 
between or around the pole pieces, although in some converters the cop- 
per is embedded in the poles, and in others it is made simply to surround 
a portion of the pole tips. 
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= NEUTRAL GROUND 
Fic. 4,849.—Low tension neutral grounding for single phase transformers (best method). 
Here the ground connection is made to the mid-point of the two transformer secondary 
coils, supplying a 3 wire Edison system. This 3 wire system is now used almost universally, 
, due to the great saving of copper in the lines. This method is desirable where the voltage 
between the outer wires does not exceed 520 volts. 





Grounding Frames and Cases.—All transformer, regulator, 
generator, motor, starter and similar equipment frames or cases 
must be solidly grounded. The reason will be apparent from. 
the following explanation. 


Consider a pole type transformer that is mounted so as to be within 
reach when standing on the ground. One of the primary leads of this 
transformer is considered in contact with the metal case. Therefore, the 
case will be charged with full line voltage. It is readily apparent that 


MW 
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anyone touching this case while standing on the ground would receive a 
shock of line voltage to ground just as if contact were made with a bare 
line. This would be true of any other piece of electrical equipment. 
Therefore, for safety all equipment frames and cases should be grounded. 
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Fic. 4,850.-J ow lension grounding for single phase transformer, two wire system. 
This method sheuld not be used for pressures over 240 volts. ‘The ground wire should be 
of the same size as the transformer leads. 
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| ш? NEUTRAL GROUND Je GROUND 
Fics. 4,851 and 4,852.—Low tension grounding for transformers having a primary pres- 
sure of 1,000 volts or more. A breakdown oí the insulation between the primary and sec- 
ondary coils will throw the primary voltage on the secondary circuit and a charging current 
shock from such a voltage will be dangerous. Therefore, a path to ground must be pro- 
vided as here shown. The ground gap which is introduced into the ground circuit insulates 
the neutral from ground when the system operates at normal pressure, thus a contact from 
line to ground will only give a charging current shock. However, where the coil insulation 
breaks down between primary and secondary of the transformer and the primary voltage 
leaks into the secondary system, then the ground gap breaks down and passes the primary 
voltage to ground safety. 
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N.E.M.A. Transformer Instructions 


Location.—Accessibility, ventilation and ease of inspection should be 
given careful consideration in locating transformers. | 


Handling.—When lifting a transformer the lifting cables nust be held 
apart by a spreader to avoid bending the lifting studs or other parts of 
the structure. When working about a transformer particular care must 
be taken in handling all tools and other loose articles, since any thing me- 
tallic dropped among the windings and allowed to remain there may 
cause a breakdown. 


Inspection.—When received, examination should be made before re- 
moving from cars and if any injury be evident or any indication of rough 
handling be visible, railroad claim should be filed at once and the manufac- 
turer notified. Before being set up, a transformer should be inspected for 
breakage, injury or misplacernent of parts during shipment and thoroughly. 
examined for moisture. In addition all accessible nuts, bolfs and studs 
should be tightened. If transformers be water cooled, the cooling coils 
should be tested for leaks at a pressure of 80 to 100 Ibs. per sq. in. When 
pressure is obtained, the supply should be disconnected and after one hour 
it should be determined whether any fall in pressure be due to a leak in 
the coil, or is in the fittings at the ends of the coil. 


Where transformers are shipped filled with oil, samples of oil should be 
taken from the bottom ind tested. 


Crying Core and Coils.—There are a number of approved methods of 
drying out transformer core and coils, any one of which will be satis- 
factory if carefully performed. However, too much stress cannot be laid 
upon the fact that if carelessly or improperly performed, great damage 
may result to the transformer insulation through over heating. The 
methcds in use may ke broadly divided into two classes: 1, drying with 
the core and coils in the tank with oil; 2, drying with the oil removed. 
The core and coils may or may not be removed from the tank. Under 
the first class, the moisture is driven off by sending current through the 
winding while immeised in oil, with the top of the tank open to the air, 
or some other arrangement made for adequate ventilation. This may be 
done by 1, the short circuit method (to be used if the transformer be 
new or has been out of service without oil any length of time); 2, the nor 
mal operation method to be used if the transformer be already in service 
but ‘show roisture condensation and the transformer cannot be shut 
(own to apply the short circuit method. 


+ 





PRI 
SEC. 


2500 V. 
"500v 


2500“ 


NEUTRAL 
ИИ 











Жаш. 


Power Plant Practice 


OPEN DELTA CONNECTED 


DELTA CONNECTED 
SECONDARY 


SECONDARY 


FiGs. 4,853 to 4,855.—Low tension neutral point grounding of 3 phase systems illustrating the grounding Y, A and V connected 


У СОММЕСТЕО 


direct grounded is 260 volts. The Y connected transformer bank may be direct grounded on pressures up to 440 volts between 
On 550 volts, 3 phase Y connected banks, the neutral should be grounded through a gap. 


transformer banks: With delta and open delta connected transformer banks the maximum voltage between lines that may be 


lines. 


Putting New Transfor- 
mer in Service.—-When the 
voltage is first applied to the 
transformer it should, if pos- 
sible, be brought up slowly 
to its full value so that any 
wrong connection or other 
trouble may be discovered 
before damage results. After 
full voltage has been applied 
successfully, the transformer 
should preferably be oper- 
ated in that wav for a short 
period without load.  !t 
should be kept under obser- 
vation during this time and 
also during the first few hours 
that it delivers load. After 
4 or 5 days' service it is ad- 
visable to test the cil again 
for moisture. 


Filling Transformers.— 
Metal hose must be used in- 
stead of rubber hose, because 
oil dissolves the sulphur con- 
tained in rubber and may 


_ cause trouble by the sulphur 


attacking the copper. Pole 
mounted transformers may 
be filled with oil, either before 
or after mounting, as desired. 
It is sometimes necessary to 
add oil a short time after the 
transformer has been in- 
stalled, due to the fact that 
the installation will absorb a 
certain amount of oil. When 
the transformer oil is replen- 
ished care should be taken 
that no moisture finds its way 
inside the case. 
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N.E.M.A. Motor Instructions 


Unpacking and Handling.—When unpacking and handling machines 
the windings and other parts should be protected from damage. To pre- 
vent sweating, the windings of a machine that have been exposed to low 
temperature, should not be uncovered until they have had sufficient time 
to attain a temperature nearly as high as that of the room in which they 
are to be unpacked. Whenever practical, a complete machine should 
be moved as a unit. This eliminates many possible troubles with wind- 
ings, armature, slip rings, etc. When necessary to move the armature 
or rotor alone, the only safe method of supporting it while either moving 
or stationary, is by slings or blocking under the shaft or by a padded 
cradle under the core laminations. The whole armature surface may be 
considered as subject to damage either to the bands, wedges, clips or insu- 
lation unless properly handled. Every precaution should be taken to avoid 
damaging any of the windings or other parts. 


Drying Out.—Small machines can be baked in ovens and larger units 
can be dried by passing current through the windings. In either case, 
however, the temperature should be kept within a maximum of 185° F. 


Erection.—Machines must be lined up on their foundations, so that the 


NOTE.—High tension neutral grounding.—This method of grounding was devised 
mainly for the protection of the electrical system. The benefits of grounding the high ten- 
sion neutral of the three phase system is two fold. 1, it reduces the voltage stresses on all 
apparatus insulation to ground; 2, it converts any accidental ground fault om any line into 
a short circuit on the corresponding phase, tripping the faulty circuit clear of the alternator, 
providing of course, that. the circuit is equipped with proper protective apparatus in the way 
of circuit breakers or fuses where the latter are adequate for this purpose. The clearing of 
a circuit on which there exists a ground is very desirable as it safeguards against trouble of 
much greater magnitude. On a system where the voltage is relatively low, there may be 
no great advantage in the further reduction of voltage to ground. 





NOTE.—Low tension neutral grounding. The method is here considered as applying 
to all systems of 550 volts or less and fed from the secondary of ordinary distribution trans- 
formers. The purpose of this system of grounding is to insure against higher than normal 
voltage being present on the low tension system, and therefore, the possible danger to human 
life is minimized. The grounding of the low tension neutral also eliminates an arcıng ground, 
thereby reducing fire risk in buildings, etc. Lastly, it ensures the disconnection of the faulty 
part of the low tension system through the operation of fuses or circuit breakers. Where 
the high tension primary of the transformer is connected to a high tension grounded neutral 
system and a break down of insulation occurs between primary and secondary cails, the ground- 
ing of the low tension neutral usually provides a short circüit path for the high tension cur- 
rents and this at once disconnects the faulty transformer from the high tension line by the 
operation of the fuses. This. however, does not occur when the primary of the transformer 
is connected to a high tension ungrounded neutral system. This adds another point in favor 
of high tension neutral grounding for the breakdown of insulation between primary and sec- 
ondary coils of distribution transformers is by no means uncommon, especially in districts 
subjected to heavy lightning storms. 
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driving and driven shafts are parallel. Driving and driven pulleys must 
be in line so that the belt will run true. 


Grounding of Frames.—This is recommended for all motors. If the 
frame be insulated from the ground, the strain on the insulation of the 
windings will be decreased, but danger to the attendants will be increased. 
If such insulation be desired, the foundation should be capped by a stout 
wooden frame bolted to the masonry, care being taken that the bolts are 
so placed that they do not make electrical contact with the bolts which se- 
cure the alternator frame to the wooden cap, or with the frame itself. 
This wooden cap may be covered with some insulating waterproof paint 
or compound. 


Lubrication.—When a machine is first started, the oil rings should be 
observed to see that they are turning and the bearing housings watched 
to see that they are not overheating. Oil wells should be filled with petro- 
leum oil (not vegetable or animal oil) sometimes specified as high grade 
dynamo, or light engine oil. Experience has shown that animal or vege- 
table oils or grease, or admixtures of them with mineral or petroleum oil, 
will dry and gum, and by gumming the ducts and oil rings, prevents the 
free flow of oil to the bearings. Oil leakage at the drainage plugs can be 
avoided by dipping the plugs in a mixture of red lead and shellac before 
inserting. It is advisable to apply a little clean lubricating oil to col- 
lector rings regularlv. The oil may be applied with a piece of cloth or 
chamois skin. 


N.E.M.A. Control Equipment Instructions 


Contacts.—The contacts of an electric controller assume a position of 
first importance. Of whatever type, they must be kept clean, pressure 
maintained and replaced when worn. 


Contactors.—To keep magnetic contactors in proper working order a 
regular inspection should be made to maintain a correct relation between 
the action of the contacts, iron circuit and coil. Assurance that the iron 
circuit is closed and sealed with a positive action, and that the contacts 
have sufficient "roll" or pressure will prevent many: controller complaints. 


KRelays.—Follow the manufacturer's instructions furnished with relays. - 


Low Voltage Devices.—The proper holding and releasing action of low 
voltage coils, under voltage coils, and mechanisms is dependent on both 
mechanical adjustment and application of the voltage (and frequency on 
alternating current systems) specified on the name plate. The spring and 
gravity return mechanism should be kept in proper adjustment to avoid 
too violent return. A.C. release mechanism should he inspected to see 
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that the iron circuit is properly sealed and that the pole pieces are cleaned 
of rust and make a true flat contact. Care on this point will prevent 
humming and failure of coils from excessive current due to open iron 
circuits. 


Connections and Wiring.—Terminals and connection studs on con- ' 
trollers, accessories and resistors should be goneover regularly and tightened 
to avoid poor contact and improper functioning of the apparatus. 


Lubrication.—Oil on controllers should be applied only to parts need- 
ing oil. Any excess oil on surfaces should be wiped off to prevent accumu- 
lation of dust and dirt. Oil should be applied carefully and sparingly to 
such parts of a controller as may be specified by the manufacturer in his 
instructions. А 


TEST QUESTIONS 


1. What items are included in the term "management"? 
2. What should be considered to properly select a ma- 
chine? 
3. Describe in detail how various power plant apparatus 
are properly selected. 
4. What are the uses of single phase and polyphase 
motors cf various types? 
Describe the use of synchronous motors for the dual 
purpose cf power and power factor correction. 
6. Give the application of "general purpose" motors. 
. Give the effects of variation of voltage and frequency 
upon the performance of induction motors. 
8. Explain the markings placed on terminals of electric 
power apparatus. 
9. Give some points relating to rotors and phase rotation 
of rotating apparatus. 
10. Explain the rating of alternators. 
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11. 
12. 


13. 
14. 
I5; 


16. 


17: 
18. 


19. 
20. 
21- 
22. 
23. 


— 


What may be said with respect to the voltage taps of 
transformers? 


Give a few points relating to the installation of ma- 
chines in power houses. 

Give some information on belts and pulleys. 

Explain horse power and torque calculations. 

Describe the operation of an alternator under various 
conditions. 

What are the various methods of synchronizing alter- 
nators so that they will run in parallel? 


Describe the method of cutting out an alternator. 


What kind of transformer efficiency is important to 
the station manager? 


Is a rotary converter a reversible machine? 

Give the method of starting a rotary converter. 
How are rotary converters wired in sub-stations? 
Describe the hunting of rotary converters. 


Explain how and why frames and cases should be 
grounded. 
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CHAPTER 92 


Testing Indicating Instruments 


Before making tests on a.c. motors, alternators, trans- 
formers, or other machines, the instruments used should be 
tested so that accurate results may be obtained. The ex- 
planations then may be regarded as a preliminary to chapters 
93 and 94. 


Electrical Indicating Instruments.—In the manuiacture of 
most measuring instruments, the graduations of the scale are 
made at the factory, by comparing the deflections of the 
pointer with voltages as measured on standard apparatus. 


The volt meters in most common use have capacities of 5, 15, 75, 150, 
300, 500 and 750 volts each, although ir the measurement of very low 
resistances such as those of armatures, heavy cables, or bus bars, volt 
meters having capacities as low as .02 volt are employed. 


The difference between the design of direct current volt meters of dif- 
ferent capacities lies simply in the high resistance joined in series with 
the fine wire coil. This resistance is usually about 100 ohms per volt 
capacity of the meter, and is composed of fine silk covered copper wire 
wound non-inductively on a wooden spool. 


In the operation of an instrument, if the pointer when deflected do not 
readily come to a position of rest owing to frictior in the moving parts, 
it may be aided in this respect by gently tapping the ase of the instrument 
with the hand; this will often enable the obstructiun, if not of a serious 
nature, to be overcome and an accurate reading to be obtained. 


l 
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In a two scale volt meter, one scale is for low voltage read- 
ings and the other for high voltage readings; on these scales 
the values of the graduations for low voltages are usually 
marked with red figures, while those for high voltages are 
marked with black figures. 


A volt meter carrying two scales must also contain two resistances in 
place of one; a terminal from each of these coils must be connected with 
.a separate binding post, but the remaining terminal of each resistance 
is joined to a wire which connects through the fine wire coil with the 
third binding post of the meter. The two first mentioned binding posts 
are usually mounted at the left hand side of the meter and the last men- 
tioned binding post and key at the right hand side. 


The resistance corresponding to the high reading scale is composed of « 
copper wire having the same diameter as that constituting the resistance 
for the low reading scale, but as the capacity of the former scale is gen- 
erally a whole number of times greater than that of the latter scale, the 
resistances for the two must bear the same proportion. 


In connecting a two scale volt meter in circuit, the single 
binding post is always employcd regardless of which scale is 
desired. 


If, then, the voltage ke such that it may be measured on the low reading 
scale, the other | inding post employed is that connected to the lower of 
the two resistances contained within; if, however, the p-essure be higher 
than those recorded on the low reading scale, the binding post connected 
to the higher cf the two resistances contained within is used. 


Inasmuch as the capacities of the scales ave usually marked on or near 
the corresponding binding posts, there will gene-ally be no difficulty in 
selecting the pzoper one of the two left hand binding posts. 


When the binding posts of a two scale voit meter are not 
marked and only an approximate idea is possessed of the volt- 
age to be measured, it is always advisable to connect to the 
binding post corresponding to the high reading scale of the 
meter. 
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This is done in order to determine if the measurement may not be made 
safely and more accurately on the low reading scale. In any case, some 
knowledge must be had of the voltage at hand, else the high reading por- 
tion of the instrument may be endangered. 


Too much care cannot be taken to observe these precautions whenever the 
volt meter is used, for the burning out or charring of the insuiation either 
in the fine wire coil or in the high resistance of the meter by an excessive 
current, is one of the most serious accidents that can befall the instrument. 


If a volt meter has been subjected to a voltage higher than that for 
which it was designed, yet not sufficiently high to injure the insulation, 
but high enough to cause the pointer to pass rapidly over the entire scale, 
damage has been done in another way. The pointer being forced against. 
the side of the case in this manner is more or less bent and so introduces 
an error in the readings that are afterward taken. 


The same damage will be done if the meter be connected in circuit so 
that the current does not pass through it in the proper direction, although 
in this case the pointer is not liable to be bent so muchas when it is forced 
to the opposite side of the meter by an abnormal current, since then it has 
gained considerable momentum which causes a more severe impact. 


The extent of the damage may be ascertained by noting how far away 
from the zero mark the pointer lies when no current is passing through the 
instrument. If this distance be more than two-tenths of a division, the 
metal case enclosing the working part should be removed and the pointer 
straightened Ly the cazeful use of a pair of pinchers. 


Indicating instruments should not be placed nzar conductors 
carrying large currents. 
A fall or a rough handling of an instrument at once shows its effect on 


the readings, for as much hazm is done as would result from a similar 
treatment of a watch. 


How to Take Readings.—The deflection of the pointer 
should be read to tenths of a division; this can be done with 
considerable accuracy, especially after a little practice. 


For very accurate results, a temperature correction should be applied to 
compensate for the effect which the temperature of the atmosphere has 
upon the resistance of the meter when measurements are being taken. 
Jn ordinary station practice the temperature correction is negligible, being 
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for resistance corresponding to the high scale in first class meters, Jess 
than one-quarter of 1 per cent. for a range of 35 degrees above or 35 de- 
grees below 70 degrees Fahrenheit. 


Errors in Station Volt Meters.—Since they are usually con- 
nected permanently in circuit; a certain amount of heat is 
developed in the wiring of the instrument. 


The effect of this heat increases the volt meter resistance and conse- 
quently reduces the current below that which otherwise would pass through 
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Fic. 4,856.—Diagram of connections for calibrating a watt meter. 


the meter; since the deflections of the pointer are governed by the strength 
of the current, station volt meters invariably indicate a voltage slightly 
lower than that which actually exists across their leads. 


Checking Up a Recording Watt Meter.—This may conve- 
niently be done by noting the deflections at short intervals on 
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an ammeter connected in circuit, and also the readings on the 
dial of the recording watt meter during this period. If this 
test be continued for an appreciable time, the product of the 
pressure in volts, the current in amperes, and the time in hours, 
should equal the number of watt hours recorded on the coun- 
ters of the dial. i 


Calibrating a Watt Meter.—The calibration of a portable 
watt meter is accomplished with direct current of constant 
value which is passed through the series winding by connecting 
the source thereof with the current terminals as in fig. 
4,856. 


A direct current voltage which may be varied throughout 
the range of the watt meter is also applied to the instrument 
between the middle and right hand pressure terminals A and E, 
the wiring in the meter between these terminals being such 
that its differential winding is then cut out of circuit. 

The method of procedure consists in comparing the deflec- 
tions on the watt meter at five or six approximately equi- 
distant points over its scale with the corresponding products’ 
of volts and amperes used to obtain them. 


The changes in the watt meter deflections are effected by merely varying 
the voltage, the value of the current being maintained constant at a 
value which represents the full current capacity of the meter. 


How to Get Accurate Ammeter Readings.—For precision 
measurements an ammeter should be cut out of circuit except 
while taking a reading, because of the error introduced by the 
heating effect of the current. i 


In an ammeter having a capacity of 50 amperes, the error thus intro- 
duced will be less than 1 per cent. if connected continuously in circuit 
with a current not exceeding three-quarters this capacity. 
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All ammeters of 100 amperes capacity may be used indefinitely in circuit 
with less than 1 per cent. error up to one-half its capacity, and for five 
minutes at three-quarters capacity without exceeding the 1 per cent. limit. 


Meter Testing with Standard.—In testing a meter, by com- 
paring it with a standard, in order to obtain the best results 
there should be one man at each meter so that simultaneous 
readings may be taken on both instruments, and the man at 
the standard meter should maintain the voltage constant while 
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FIG. 4,857.—Jewel two scale a.c. portable testing ammeter. The construction uses a special 
coil which has several windings so arranged that the several scales check in their character- 
istics and consequently a single set o; divisions is supplied with the necessary sets of figures. 





a reading is being taken, by means of a rheostat in the field 
circuit of the generator supplying the current. 


Each meter should be checked or calibrated at five or six approxi- 
mately equidistant points over its scale; the adjustable resistance being 
varied each time to give a deflection on the standard meter of an even 
number of divisions and the deflection on the other meter recorded at 
whatever it may be. Having obtained the necessary readings, the cal- 
culation of the constant or multiplying factor of the meter undergoing test 
is next in order. 


This may best be shown by taking an actual case in which a 150 scale 
volt meter is being tested to determine its accuracy. The data and cal- 
culations are as follows: 


Readings on Readings on Constant 
standard meter meter tested 

150 149.2 150+149.2=1.005 
125 125.0 125 +125.0 =1.000 
100 98.9 190 = 93.9 21.011 
75 73.6 75 + 73.6 «1.019 
50 50.0 50 + 50.0 =1.000 
25 24.8 25 + 21.8 =1.008 

6.043 


Average constant for six readings, 6.0432- 6 — 1.007, 


Jt may be stated in general that before taking the readings for this 
test, the zero position cf the pointer on the meter tested should be noted, 
and if it be more than two-tenths of a division off the zero mark. the case 
of the meter should be removed and the pointer straightened. i 


Furthermore, it will be noticed from the readings here recorded that 
the test is started at the high reading end of the scale; this is done in order 
that the pointer may gradually be brougbt up to this spot, by slowly 
cutting out of circuit the adjustable resistance, and thus show whether 
or not the pointer has a tendency to stick at any part of the scale. If 
the meter seem to be defective in this respect, it should be remedied either 


NOTE.—The 150 scale ammeter may be left in circuit for an indefinite length of time 
at one-third its full capacity, and for three minutes at one-half its full capacity, with a neg- 
ligible error. 


NOTE.—When currents larger than 300 amperes have to be measured, ammeter shunts 
are generally employed, although ammeters up to 500 amperes capacity are manufactured. 


NOTE.—Ammieters of 200 and of 300 ampere capacities must not. continuously carry 
more than one-quarter of these loads respectively if the readings are to have an accuracy within 
1 per cent. nor more than one-half these respective numbers of amperes for three minutes if 
the same degree of accuracy be desired. 
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by bending the pointer or scale, or by renewing one or both of the jewels, 
before the comparison with the standard is commenced. 


It is obvious from the readings recorded from the 150 scale volt meter, 
that as campared with the corresponding deflections of the standard, the 
former are a trifle low. 


In order to determine for each observation how much too low they are, 
it is necessary to divide each reading on the standard by the corresponding 
reading on the meter tested. The result is the amount by which a de- 
flection of this size on the meter tested must be multiplied in order to 
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Fic. 4,858.—Jewel two scale а.с. portable testing volt meter. The a.c. movement used is 
shielded and is an advanced design of the repulsion iron vane type, embodying a bakelite 
form for the coil, a moulded bakelite damping chamber and a moving element, which is 
light, but rugged. 
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obtain the exact reading. This multiplier is called a constant, and as shown, 
a constant is determined for each of the six observations. 

The average constant for the six readings is then found, and this is 
taken as the constant for the meter as a whole; that is, whenever this 150 
scale volt meter is used, each reading taken thereon must be multiplied 
by 1.007 in order to correct for its inaccuracy. 


The most convenient and systematic way of registering the constant of 
a meter is to write it, together with the number of the meter and the date 
of its calibration, in ink on a cardboard tag and loop the same by means 
of a string to the handle or some other convenient part of the meter. 


Calibration of a Two Scale Volt Meter.—The complete cali- 
bration of a two scale volt meter does not, as might be sup- 
posed, necessitate that the readings on both scales be checked 
with standards, for since the resistance corresponding to the 
one scale is always some multiple of the resistance of the 
other, the constants of the two scales are proportional. 


For instance, if S=the reading at the end of the high scale of the volt 
meter; S'=the reading at the end of the low scale of the volt meter; R= 
the resistance in the meter corresponding to the high scale; R! =the resist- 
ance in the meter corresponding to the low scale; K =the constant for the 
high scale, and K'=the constant for the low scale. Then 

SK+R=S'K!+R! 
K'=SKR+S'R 

That is to say, if the respective resistances corresponding to the two 
scales be known, and the constant of the high scale be determined by com- 
parison with a standard, then by aid of these known values and the max- 
imum readings on the two scales, the constant of the low scale may be cal- 
culated. It is also possible to calculate the constant of the high scale if 
the constant of the low scale be known, together with the values of the 


resistances corresponding to the two scales; for from the equation previ.. 
ously given, 


from which 


K=RS'K!'+ RIS 


There are a number of tests that are easily made and which 
require only ordinary ammeters, volt meters and watt meters. 
NOTE.—Tuning up a meter consists in straightening the pointer; varying the tension 


of the spiral springs; renewing the jewels in the bearings; altering the value of the high re- 
sistance, and, in the case of a direct current instrument, strengthening the permanent magnet. 
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A knowledge of these tests will be found useful to those having 
charge of a.c. motors. The tests which follow are of simple 
nature and present no difficulties. : 


In motor testing, by the methods illustrated in the accompanying cuts, 

it is assumed that the motor is loaded in the ordinary way by belting o: 
direct connecting the motor to some form of load, and that the object 

. is to determine whether the motor is over or under loaded, and approxi- 
mately what per cent. of full load it is carrying. All commercial motors 
have name plates, giving the rating of the motor and the full load current 
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Fics. 4,859 to 4,862.—How to connect instruments for power measurements. 


in amperes. Hence th? per cent. of load carried can Ге determined an- 
proximately by measuring the current input and the voltage. If an effi- 
ciency test of the apparatus be required, it becomes necessary to use some 
form of absorption by dynamometer, such as a Prony or other form of 
brake. The output of the motor can then be determined from the brake 
readings. The scope, of the present treatment is, however, too limited 
to go into the subject of different methods of measuring the output of th» 
apparatus, and is confined rather to methods of measuring current input, 
voltage, and watts. The accuracy of all tests is obviously dependent 
upon the accuracy of ihe instruments employed. 


Before accepting the result obtained by any test, especially under light or 
no load, correction should be made for wattmeter error. See watt meter 
-error table on page 2,885. Е 
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TEST OUESTIONS 


. What precautions should be taken with testing instru- 


ments in making tests? 
How are thz scales or electrical instruments made? 


. What range cf voltage is most common on the scales of 


volt meters? 
How do d.c. and a.c. instruments differ? 


How may the pointer cf an instrument te quickly 
brought to rest? 


6. Explain the reading cf two scale instruments. 


12. 
137 


14. 
15. 
16. 
175 
18. 
19. 
20. 


. What precautions should be taken in connecting up a 


two scale volt meter? 


. Explain thz use cf each scale in a two scale volt meter. 
. Explain how to take readings. 

10. 
js 


How may a volt meter be easily damaged? 


What should be done in taking readings te obtain 
accurate results? 


What errors occur in station volt meters? 


Should temperature correction be made for etna 
station instruments? 


Explain the effect of heat in introducing an error. 
Explain how to check up a watt meter. 

How is a watt meter calibrated? 

How are accurate ammeter readings obtained? 
How should ammeters of various capacities be used? 
How is a meter tested with a standard? 

How close should a meter read for the zero position? 
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: 21. What is the most convenient way to register the con- 
' stant of à meter? 

22. Explain how to calibrate a two scale volt meter. 

23. What are the usual remedies in tuning up a meter? . 
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CHAPTER 93 


Transformer Testing 


In the early days of transformer building, before the com- 
mercial watt meter had been perfected, leakage or exciting 
current was the criterion of good design. After the introduc- 
tion of the watt meter, core loss became the all important 
factor, and for a long time the question of leakage current was 
lost sight of. With the introduction of silicon steel, leakage 
or exciting current again assumed prominence. 

Keeping in mind the fact that all characteristics of a trans- 
former are of more or less importance, it is essential that the 
user of such apparatus have at hand the necessary facilities 
for making tests of all such variable quantities. The tests 
which all users of transformers should make, are given in this 
chapter. 


Transformer Copper Loss by Watt Meter Measurement and 
Impedance.—At first glance, this method, as shown in fig. 
4,863, would seem better than the calculation of loss after 
measurement of the resistance. However, it should be noted 
that the watt meter is, in itself, subject to considerable error 


under tne low power factor that will exist in this test. 
The secondary of the transformer is short circuited, and a voltage ap- 


plied to the primary which is just sufficient to cause full load primary 
current. lf fu!! current pass through the primary of the transformer with . 


\ 
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the secondary short circuited, the secondary will also carry full load cur- 
rent. With connections as shown in fig. 4,863 and with the full load 
current, the volt meter indicates the impedance volts of the transformer. 
This divided by the rated voltage gives what is called the per cent. im- 
bedance of the transformer. ïn a commercial transformer of 5 kw., this 
should be approximately 3 per cent. 


The iron loss of the transformer under approximately 3 
per cent. of the normal voltage will be negligible, and the 
losses measured will be the sum of the primary and secondary 
copper losses. 
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Ftc. 4,863.— Transformer copper loss by watt meter measurement and impedance. 


As in the discussion of the core loss measurements, the watt 
meter readings must be corrected for the joss in its pressure 
coil, the method of correction being the same as that discussed 
under the core loss measurement. If the impedance volts, as 
measured, be divided by the primary current, the impedance of 
the transformer is obtained. The reciprocal of this quantity is 
known by the term “admittance.” When two or more trans- 
formers are connected in parallel they divide the load in рторот- 
tion to their admittance. It is, therefore, important that the 
users of transformers know the impedance of the apparatus 
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Fic. 4,864.— Resistance measurement by “drop” method. The circuit whose resistance is 
to be measured, is connected in series with an ammeter and an ajustable resistance to 
vary the flow of current. A volt meter is connected directly across tle terminals of the 
resistance to be measured, as shown in the figure. Accordirg to Ohm's ја Т=Е +, 
Irom which, R 2E -I. If then the current flowing in the circuit through the unknown 
resistance be measured, an‘ also the drop or difference of pressure, the resistance can be 
calculated by above formula. In orcer to secure accurate cetermination of the resistance 
such value of current must be used as will give large deJections of the needle on the in- 
struments employed. A namber of independent readings should be taken with sone varia- 
tion of the current and necessarily a corresponding variation in voltage. The resistance 
should then be figured from each set of readings and the average of all readings taken for 
the correct resistance. Great care must be taken, however, in the readings, and the in- 
struments must be fairly accurate. For example, suppose that the combined instrument 
error and the error of the reading in tle volt meter should be 1 per cent., the reading being 
high, while the corresponcing error of the ammeter is 1 per cent. low. This would cause 
an error of approximately 2 per cent. in the reading of the resistance. In making careful 
measurements of the resistance, it is also necessary to determine the temperature of the 
resistance being measured, as the resistance of copper increases approximately .4 of 1 per 
cent. for each Cegree rive in temperature. Use is mace of this fact for determining the 
increase in temperature of a piece of apparatus when onerating under load, The resist- 
ance of the apparatus at some known temperature is measured, this being called the cold 
resistance of the apparatus. At the end of the temperature test the hot resistance is taken. 
Assume the resistance has increased by 15 per cent. This woull in'icate a rise in tem- 
perature of 374 Cegrees above the original or cold temperature of the apparatus. Sup- 
pose then that in measuring the cold resistance, results are obtained which are 2 per cent. 
low, and that in measuring the hot resistance, there be 2 per cent. error in the opposite 
direction. This would mean that a total error of 4 per cent. had been mace in the differ- 
ence between the hot and cold resistances, or an error of 10 degrees. The correct. rise in 
temperature is, therefore, about 2714 instead of 3714 degrees. In other words, an error 
of 2 per cent. in measuring each resistance has caused an error of approximately 3634 per 
cent. in the measurement of the rise in température. The constant .4 which has been used 
above'is only approximate and should not be used for exact work. For detail instructions 
of making calculations of resistance and temperature, see “Standardization Rules of the 
A.IE.E." > 
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used, in order to determine whether two or more transformers 
will operate satisfactorily in parallel. 


For accurate measurement of impedance the volt meter 
should be connected directly across the terminals of the trans- 
former rather than as shown in fig. 4,863. 


The usual and best method of obtaining copper losses is to separately 
measure the primary and secondary resistance and calculate from these 
the primary and secondary copper losses. For general diagram of connec- 
tions and discussion of the drop method, see fig. 4,864. The current should 
be kept well within the load current of the transformer to avoid tem- 
perature rise during the test. In other words, the resistance of the coil 
is the voltage across its terminals divided by the current. 
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Fic. 4,865.—Temperature test of transformer with non-inductive load. 


The resistance of the primary coil can be measured similarly. The 
copper loss in watts in each coil will then be the product of the resistance 
and the square of the rated current for that coil. 


Temperature Test of Transformer with Non-Inductive Load. 
—The simplest way of making the test is shown in fig. 4,865. 
Connect the primary of the transformer to the line as shown, 
and carry normal secondary load by means of a bank of lamps 
or other suitable resistance, until full load secondary current 
is shown by the ammeter in the secondary circuit. 

The transformer should then be allowed to run at its rated load for the 


desired interval of time, temperature readings being made of the oil in its 
hottest part, and also of the surrounding air. 
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Where temperatures of the coil rather than temperatures of the oil are 
desired, it is necessary to use the resistance method. This is obtained by 
first carefully measuring the resistance of both primary and secondary 
coils at the temperature of the room, and then, aiter the transformer 
has been under heat test for the desired time, disconnect it from the cir- 
cuit and again measure the resistance of primary and secondary. 


For proper method of calculating the temperature rise from 
resistance measurements, the reader is referred to the stand- 
ardization rules of the A.I.E.E. 


In making resistance measurements of large transformers by the drop 
method care should be taken to allow both ammeter and volt meter indi- 
cations to settle down to steady values before readings are taken. This 
may require several minutes. Each time the current is changed it is 
necessary in order to obtain check values on resistance measurements, to 
wait until the current is again settled to its permanent value before taking 
readings. 


All resistance measurements must be taken with great care, as small 
errors in the measurement of the resistance may make very large errors 
in the determination of the temperature rise. The method above de- 
scribed is satisfactory for small transformers. 


Where large units are to be tested, the cost of current for 
testing becomes an important item. The ‘‘bucking test” as in 
fig. 4,866, is more economical. 


Transformer Temperature Bucking Test.—For this purpose 
two transformers of the same size and ratio are required. The 
connections are as shown in fig. 4,866. Full secondary voltage 
is applied, and rheostats or auxiliary auto-transformers are in- 
serted in the circuit to properly regulate the voltage. 


The primaries are connected with one bucking the other, and a voltage 
equal to twice the impedance voltage of either transformer inserted in the 
primary circuit. It should be noted that when the secondaries are sub- 
jected to the full secondary voltage, a full primary voltage exists across 
either primary, but with the primaries connected so that the voltage of 
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one is bucked against the voltage of the other, the resultant voltage in 
the circuit will be zero. 


By applying to the primary circuit twice the impedance voltage of 
either transformer, full primary and secondary current will circulate 
through both transformers. On the other hand, by subjecting the sec- 
ondaries to the full secondary voltage, the iron of the transformer will be 
magnetized as under its regular operating conditions, and the full ircn 
loss of the transformer introduced. This method permits the operation 
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Fic. 4,866.—Transformer temperature “bucking test." 


of two transformers under temperature test with their full losses. without 
taking energy from the line equal to the rated capacity. 


Measurements of temperature are taken in exactly the same 
way as above. This method is successfully employed for 
making temperature tests on transformers of all sizes. 


Transformer Insulation Test.—In applying a 10,000 volt 
insuiation test between the primary and secondary of a 








Transformer Testing 2,873 





transformer, the testing leads should be disconnected from the 
transformer under test, and a spark gap introduced as shown 
in fig. 4,867 with the test needle set at a proper sparking dis- 
tance for 10,000 volts. 


A high resistance should be connected ia the secondary before closing 
its circuit, and the voltage gradually increased by cutting out this sec- 
ondary resistance until a spark jumps across the spark gap. When the 
spark jumps across the spark gap, the volt meter reading should be re- 
corded and the testing transformer disconnected. The spark gap should 
then be increased about 10 per cent., and the high tension leads con- 
nected to the transformer under test as indicated in the diagram. 


RESISTANCE 





ADJUSTABLE 
RESISTANCE 


Fic. 4,867.— Transformer insulation test. 


In order to equalize the insulation strains, all primary leads should be 
connected together, all secondary leads not only connected together, but 
to the core as well. All resistance in the rheostat in the low tension cir- 
cuit should then be inserted and the switch closed. Gradually cut out 
secondary resistance until the volt meter shows the same voltage as was 
recorded previously when the spark jumped across the gap, and apply 
this voltage to the transformer for one minute. 


Insulation tests for a period of over one minute are very 
unadvisable, as transformers with excellent insulation may be 
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seriously damaged by proionged 
insulation tests. 


The longer the strain to which any 
insulation is subjected the shorter 
the subsequent 1!'e of the insulation. 
élso the greater the applied voltage 
2ebove the actucl operating voltage 
of th» z2»a-atzs, the shorter the 
subsequent life cf the insulation. In 
testing svv.cll t-ancformers, the spark 
гар госу Le orzitted and the vcltage 
cf the low pressure coil of the testing 
transformer measured. This multi- 
plied ty the ratio of transformation 
gives the tosting voltage. 
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Transformer Insulation Test 
without High Tension Trans- 
former.—In this method, a 
number of standard transfor- 
mers, connected as shown in 
fig. 4,868, may be employed, 
but great care should be taken 
to have such transformer cases 
thoroughly insulated from the 
ground and from one another, 
in order to minimize the insula- 
tion strains in the testing trans- 
formers. 
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Fic. 4,568.— Transformer insulation test as made when a special high tension transformer be not available. 
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F'rc. 4,869.— Transformer internal insulation test. 


Care should be taken to insert 
in the circuit of each testing 
transformer.a fuse, not in ex- 
cess of the transformer capacity, 
which will blow, in case of a 
break down in the apparatus 
under test. 


In testing insulation between 
secondary and core, disconnect 
the primary entirely, apply one 
terminal of the testing transfor- 
mer to the secondary terminals 
of the transformer under test, 
and the other terminal of the 
testing transformer to the core 
of the transformer under test. 
The duration of this test should 
also not exceed one minute. 


Transformer Internal Insula- 
tion Test.—This test is some- 
times called double normal 
voltage test, from the fact that 
most transformers are tested 
with double normal voltage 
across their terminals. If either 
the primary or secondary of the 
transformer be connected, as 
‘shown in fig. 4,869, to some 
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source of current with voltage double that of the voltage of the 
transformer under test, the insulation between adjacent turns, 
and also the insulation between adjacent layers will be sub- 
jected to twice the normal operating voltage. 


It is good practice to employ high frequency for this test in order to 
prevent an abnormal current passing through the transformer. Sixty 
cycle transformers are usually tested on 133 cycle, and 25 cycle trans- 
formers on 60 cycle circuits for this double normal voltage test. It is 
necessary to insert the resistance in the circuit of the transformer and 
bring the voltage up gradually, the same as applying other high insulation 
tests in order to prevent abnermal rises in pressure at the instant of closing 
the circuit. 





Fic. 4,870.—Transformer insulation resistance test. 


Transformer Insulation Resistance Test.—The insulation of 
a transformer besides being able to resist puncture, due to in- 
creased voltage, must also have sufficient resistance to prevent 
any appreciable amount of current flowing between primary 
and secondary coils. It is, therefore, sometimes important that 
the insulation resistance between primary and secondary be 
measured. 

This can be done as shown in fig. 4,870. Great care should 
be taken to have all wires thoroughly insulated from the 
ground, and, to have an ammeter placed: as near as possible 
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to the terminals of the transformer under test, in order that 
current leaking from one side of the line to the other, external 
to the transformer, may not be measured. Great care is re- 
quired in making this measurement, in order to obtain con- 
sistent results. 


Transformer Winding or Ratio Test.—The object of this 
test is to check the ratio between the primary and the sec- 
ondary windings. For this purpose a transformer of known 
ratio is used as a standard. Connect the transformer under 
test with a standard transformer as shown in fig. 4,871. Leave 


TRANSFORMER 
ОМОЕЁА ТЕЅТ 


STANDARDO 
TRANSFOFMER 


110 VOLT LINE 





Fic. 4.871.—Transformer winding or ratio test. 


switch S, open. With the single pole double throw switch in 
position S,B, the volt.meter is thrown across the terminals. of 
the standard transformer. With the switch in position S,A, 
the volt meter is thrown across the terminals of the transformer 
under test. The volt meter should be read with the switch 


~ у 
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in each position. И the winding ratio be the same as that of 
the standard transformer, the two volt meter readings will be 
identical. 


Transformer Polarity Test.— This test, sometimes called a 
banking test, is of importance. The transformers from any 
particular manufacturer have the leads brought out in such a 
manner that a transformer of any size can be connected to 
primary and secondary lines in a given order without danger 
of blowing the fuses due to incorrect connactions. All manu- 
facturers of transformers, however, do not bank transformers 
in the same way, so that it is necessary in placing transformers 
of different makes to test for polarity. 


This is done as shown in fig. 4,871. One transformer is selected as a 
standard and the leads of the second transformer connected as indicated 
in the diagram. 


If the transformers be 1,100-2,200 volts to 110-220, two 110 voit lamps 
are connected in the secondaries of the transformers as indicated, while 
the primary of the transformer is connected across the line. In trans- 
formers built for two.primary and two secondary voltages, it is necessary 
to test each primaty’and each secondary. The diagram shows the method 
of connecting one 2,200 volt coil and one 110 volt coil to the transformer 
to be tested. . 


When the primary circuit, of the transformer under test is closed, and 
if the secondary leads of the 110 volt coil under test be brought out of 
the case properly, the two 110 volt lamps should be brightly illuminated. 
If, on the other hand, the two 110 volt terminals have been reversed, no 
current will flow through the lamps. 


If these two terminals be found to be brought out correctly, transfer 
the secondary leads of the transformer under test to the second 119 volt 
coil. Upon closing the primary circuit, the lamp should again be brightly 
illuminated. Repeat this process with each of the:secondary coils and the 

- other primary coil, and if the lamps.show up bright in every case on clos- 
ing the primary circuit, all leads, have been properly brought out. 


If-on any tests the lamps do not light up brightly, the leads on the 
transformer must be so changed as to produce the proper banking. 
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TEST OUESTIONS 
—— 


. What was the criterion cf. good transformer. design 


in early days? 


. Descrite transformer copper loss tests by watt meter 


measurement and impedance. 


. 15 a watt meter subject to considerable error unde: 


low power factor? 


. Must the watt meter readings te corrected in copper 


loss test? 


How do two cr more transformers connected in par- 
allel divide the load? ` 


. Descrite the resistance measurement by drop method. 
. Descrite how to test a transformer for temperature on 


non-inductive load. 


. When should the resistance method be used? 
. What is the proper method of calculating the tempera- 


ture rise from resistance measurements? 
What preccution should be taken for making the re- 
sistance measurements of large transformers bv the 


drop method? 


Should all resistance measurements be taken with 
great care? 


What is the “bucking” test? 
When should the bucking test be used? 


. Describe in detail transformer temperature bucking 


test. 


Explain how the transformer insulation test is made. 
Should an insulation test be made for owr a 
period of one minute? 
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17. How should the-transformer insulation test be made 
without high tension transformers? 

18. Describe transformer internal insulation test. 

19. What other name is sometimes given to the transfor- 
mer internal insulation test? 

20. Explain the method of making the transformer internal, 
insulation test. 

21. What precaution should be taken in the making of 

, @ transformer insulation test? 
22. Explain how the transformer or ratio test is made. 
23. How is the transformer polarity test made? 
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CHAPTER 94 


Motor Testing 


There are numerous simple tests of motors which may be 
easily made requiring only such instruments as volt meters, 
ammeters and watt meters. 


Since the accuracy of a test not only depends upon correct 
reading, but upon the conditions of the instruments, it should 
be first ascertained that all the instruments used in making a 
test are in proper working order. 


Accordingly, as pointed out in a preceding chapter (see 
page 2,855), the instruments should first be tested for accu- 
racy before using them in making a motor test. 


It is important to know how to take readings and to know 
all the practical points relating to the instruments. 


Since so much depends upon the proper handling and con- 
ditions of the instruments, it is suggested that the reader care- 
fully study the preceding chapter before testing motors. 
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How to Connect Instruments for Power Measurement.— 
There are several ways of connecting an ammeter, volt meter 
and watt meter in the circuit for the measurement of power. 
A few of the methods are here discussed and illustrated ip 
figs. 4,859 to 4,862. 

With some of the connections it is necessary to correct the 
ceadings of the watt meter for the losses in the coil or coils, 
of the watt meter, or for losses in the ammeter or volt meter. 
This is necessary since the instruments may be so connected ' 
that the watt meter not only measures the load but includes 
in its indications some of the instrument losses. 

If the load measured be small or considerable accuracy be 
required, these instrument losses may be calculated as follows: 

Loss in pressure coil is 


ER, 
in which, 
E -voltage at the terminals of the pressure coil. 
R sits resistance in ohms. 


Loss in current coil is 12R, in which 


I =current in amperes. 
R -resistance of the current coil in ohms. 


In general let: 


E, — voltage across terminals of the voit meter. 

E, -— voltage across the terminals of the pressure coil of the watt meter. 
1, =current through current coil of watt meter. 

I, =current through current coil of ammeter. 

R, =resistance of pressure coil of volt meter. 

Ry =resistance of pressure coil of watt meter. 

Ri, «resistance of current coil of watt meter. 
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R, =resistance of current coil of ammeter. 
P,=watt meter reading. 
P -power to be measured. 


With this notation the losses in the various coils will be as 
follows: 


Е?,-- В,  -loss in watts in pressure coil of voit meter. 
E2,<R, =loss in watts in pressure coil of watt meter. 
12. Ві, =loss in watts in current coil of watt meter, 
12, В. =loss in watts in current coil of ammeter. 


If connections be made as in fig. 4,859, the correct power 
of the circuit will be 


P,— (E+ Ry +E*~+ R«) in watts and E, x E,. 
In fig. 4,860, 
P=P,-—-E’.+Re, in watts 


In fig. 4,861, 
P2P,—14, Rh in watts 


or the correct power is the watt meter reading minus the loss án the current 
coil of the watt meter. 


In fig. 4,862, 
P2P,.—(E2,2- R,-F-Y R,) in watts 


. The usual method of connection is either as in fig. 4,859 or 
fig. 4,860. 


In either case the current reading is that of the load plus the current in 


f 
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the pressure coils of the volt meter and watt meter. Unless the current 
being measured, however, be very small, or extreme accuracy be desired, 
it is unnecessary to correct ammeter readings. 


In fig. 4,860, a small error is introduced due to the fact that the actual 
voltage applied to the load is that given by the volt meter minus the small 
drop in voltage through the current coil of the watt meter. 


If an accurate measure of the current in connection with 
the power consumed by the load be required, the connections 
shown in fig. 4,862 are used, and if extreme accuracy be 





Fic. 4,872.—Jewel two scale single phase portable testing watt meter. The moving element 
is effectively shielded from outside magnetic fields by a special laminated construction, 
The method of obtaining series and parallel readings is such as to avoid metal links. 
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required, the watt meter reading is reduced by the losses in 
the ammeter and in the pressure coil of the watt meter. 


The loss in the pressure coil of a watt meter or volt meter may be as 
high as 12 or 15 watts at 220 voits. 


The loss in the current coil of a watt meter with 10 amperes flowing 
through it may be 6 or 8 watts. It can be easily seen that if the core or 
copper losses of small transformers:are being measured, it is quite neces- 
sary to correct all watt meter readings for instrument losses. 


In measuring the losses of a 25 or 50 k.p. induction motor, the instru- 
ment losses may be neglected. 
WATTMETER ERROR FOR A LOAD OF 1,000 VOLT-AMPERES 
(For a lag of 1 degree in the pressure coil) 


Error of indi- 


cation in per 
‘Power factor True watts cent. of true 


value 


апела 


w соі фр ел сл бо 
н оосо oto o О 


9 
8 
7 
6 
5 
4 
3 
2 
1 
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NOTE.—in the iron vane type instrument when used as a watt ineter, the current of the 
series coil always remains in perfect phase with the current of the circuit, pravided series trans- 
formers be not introduced. The error, then, is entirely due to the lag of the current in the 
pressure coil, and this error in high power factor is exceedingly small, increasing as the power 
factor decreases. In the above table it should be noted that the value of the error as dis- 
tinguished from the per cent. of error, instead of indefinitely increasing as the power factor 
diminishes, rapidly attains a maximum value which is less than 2 per cent. of the power deliv- 
ered under the same current and without inductance. It should also be noted that the above 
tabulation is on the assumption of a lag of 1 degree in the pressure coil. The actual lag in 
Wagner instruments for instance, is approximately .085 of a degree, and the error due to the 
lag of the pressure coil in Wagner instruments is, therefore, proportionally reduced from the 
figures shown in the above tabulation. 


2,886 Motor Testing 


——— . 


Connections are seldom used which make it necessary to 
correct for the losses in the current coils of 2ither ammeter 
or watt meter, as the losses vary with the change in the current.. 


On the other hand, the voltages generally used are fairly’ constant at 
110 or 220, and when the losses of the pressure coils at these voltages 
have once been calculated, the necessary instrument correction can be read- 
ily made. 


Single Phase Motor Test.—In this method of measuring the 
input of a single phase motor of any type, the ammeter, volt 
meter and watt meter are connected as shown in fig. 4,873. 






AMMETER WATTMETER! VOLTMETER | 
| 


| 
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G. 4,873.—Single phase motor test. 


The ammeter measures the current flowing through the motor, the 
volt meter the pressure across the terminals of the motor, and the watt 
meter the total power input to the motor. With the connections as shown 
the watt meter would also measure the slight losses in the volt meter and 
the pressure coil of the watt meter, but for motors of М h.p. and larger, 
this loss is so small that it may be neglected. 


"The power factor may be calculated by dividing the true 
watts as indicated by the watt meter, by the product of the 
volts and amperes. 


Three Phase Motor Tests.—There are several methods of 
testing three phase motors and known as 


————— 2 
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. Volt meter and ammeter method; 

. Two watt meter method; 

. Polyphase watt meter method; 

. One watt meter method; 

. One watt meter and Y box method, etc. 


OF бо Hn 


These methods will now be given. 






THREE PHASE LINE 


THREE.PHASE MOTOR 


Fic. 4,874.—Three phase motor test; volt meter and ammeter method. 


Volt Meter and Ammeter Method.—In this method of test- 
ing a three phase motor, if it be desired to determine the ap. 
proximate load on a three phase motor, this may be done by 
means of the connections as shown in fig. 4,874, and the cur- 
rent through one of the three lines and the voltage across the 
phase measured. 

If the voltage be approximately the rated voltage of the 
motor and the amperes the rated current of the motor (as 
noted on the name plate) it may be assumed that the motor 
is carrying approximately full load. 


P—— — 
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If, on the other hand, the amperes show much in excess .of 
full load rating, the motor is carrying an overload. The heat 
generated in the copper varies as the square of the current. 
That generated in the iron varies anywhere from the 1.6 power, 
to the square. 

This method is very convenient if a watt meter be not 
available, although it is, of course, of no value for the deter- 
mination of the efficiency or power factor of the apparatus. 
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Fic. 4,875.—Three phase motor test; two watt meter method, 


This method gives fairly accurate results, providing the load on the 
three phases of the motor be fairly well balanced. If there be much dif- 
ference, however, in the voltage of the three phases, the ammeter should 
be switched from one circuit to another, and the current measured in each 
phase. If the motor be very lightly loaded and the voltage of the different 
phases vary by 2 or 3 per cent., the current in the three legs of the circuit 
will vary 20 to 30 per cent. 


Two Watt Meter Method.—If an accurate test of a three 
phase motor be required, it is necessary to use the method as 
shown in fig. 4,875. Assume the motor to be loaded with a 
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brake so that its output can be determined. This method 
gives correct results even with considerable unbalancing in the 
voltages of the three phases. 


With the connections as shown, the sum of the two watt meter read- 
ings gives the total power in the circuit. Neither meter by itself meas- 
ures the power in any one of the three phases. In fact, with light load 
one of the meters will probably give a negative reading, and it will then 
be necessary to either reverse its current or pressure leads in order that 
the deflection may be noted. In such cases the algebraic sum of the two 
readings must be taken. In other words, if one read plus 500 watts and 
the other, minus 300 watts, the total power in the circuit will be 500 
minus 300; or 200 watts. 


As the load comes on, the readings of the instrument which gave the 
negative deflection will decrease until the reading drops to zero, and it 
will then be necessary to again reverse the pressure leads on this watt 
meter. Thereafter the readings of both instruments will be positive, and 
the numerical sum of the two should be taken as the measurement of the 
load. 


If one set of the instruments be removed from the circuit, the reading 
of the remaining watt meter will have no meaning. As stated above, it 
will not indicate the power under these conditions in any one phase of 
the circuit. The power factor is obtained by dividing the actual watts 
input by the product of the average of the volt meter readings and the 
average of the current readings X 1.73. 


Polyphase Watt Meter Method.—This method of testing a 
three phase motor is identical with the two watt meter method 
shown in fig. 4,875, except that the watt meter itself com- 
bines the movement of the two watt meters. Otherwise the 
method of taking the measurements is identical. If the power 
factor be known to be less than 50 per cent., connect one move- 
ment so as to give a positive deflection; then disconnect move- 
ment one and connect movement two so as to give a positive 
deflection. Then reverse either the pressure or current leads 
of the movement, giving the smaller deflection, leaving the 
remaining movement with the original connections. 


Ar ETT eae 
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'The readings now obtained will be the correct total watts delivered to 
the motor. if the power factor be known to be over 50 per cent., the 
same methods should be employed, except that both movements should 
be independently connected to give positive readings. 


An unloaded induction motor has a power factor of less than 50 per cent., 
and may, therefore, be used as above for determining the correct con- ` 
nections. For a better understanding of the reasons for the above method 
of procedure, the explanation of the two watt meter method, fig. 4,875, 
should be read. 


The power factor may be calculated as explained under fig. 
4,875. Connect as shown in fig. 4,875. 
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Fic. 4,876.—Three phase motor test; one watt meter method. 


The following check on connections may be made. Let the poiyphase 
induction motor run idle, that is, with no load. The motor will then 
operate with a power factor less than 50 per cent. The polyphase meter 
should give a positive indication, but if each movement be tried sep- 
arately one will be found to give a negative reading, the other movement 
will give a positive reading. This can be done by disconnecting one of 
the pressure leads from the binding post of one movement. When the 
power factor is above 50 per cent., then both movements will give positive 
deflection. \ 


One Watt Meter Method.—This method is equivalent to 
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the two watt meter method with the following difference. A 
single volt meter (as shown in fig. 4,876) with a switch A, can 
be used to connect the volt meter across either one of the two 
phases. Three switches B,C and D, are employed for chang- 
ing the connection of the ammeter and watt meter in either 
one of the two lines. 


With the switches B and D, in the position shown, the ammeter and 
watt meter series coils are connected in the left hand line. The switch 
C, must be closed under these conditions in order to have the middle 
line closed. 
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Fic. 4,877.— Three phase motor test; one watt meter and Y box method. 





Another reading should then be taken before any change of load has 
occurred, with switch A, thrown to the right, switch B, closed, switch D, 
thrown to the right and switch C, opened. The ammeter and the cur- 
rent coil of the watt meter will then be connected t> the middle line of 
the motor. In order to prevent any interruption of the circuit, the switches 
B,D and C, should be operated in the order given above. 


With Very light load on the motor the watt meter will probably give 
a negative deflection in one phase or the other, and it will be necessary 
to reverse its connections before taking the readings. For this purpose | 
a double pole, double throw switch is sometimes inserted in the circuit 
of the pressure coil of the watt meter so that the indications can be re- 
versed without. disturbing any of the connections. 
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]t is suggested, before undertaking this test, that the in- 
structions for test by the two watt meter and by the poly- 
phase watt meter methods be read. 


One Watt Meter with Y Box Method.—This method, as 
shown in fig. 4,877, is of service only provided the voltages 
of the three phases be the same. 

А slight variation of the voltage of the different phases may cause a 


very large error in the readings of the watt meter, and inasmuch as the 
voltage of all commercial three phase circuits is more or less unbalanced, 
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Fic. 4,878.—Test of three phase motor with neutral brought out; one watt meter method. 


this method is not to be recommended for motor testing. With balanced 
voltage in all three phases, the power is that indicated by the watt meter, 
multiplied by three. Power factor may be calculated as before. 


Test of Three Phase Motor with Neutral Brought Out.— 
This test as shown in fig. 4,878, employs a single watt meter. 
Some star connected motors have the connection brought out 
from the neutral of the winding. In this case the circuit may 
be connected, as shown in fig. 4,878. 
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The volt meter now measures voltage between the neutral and one of 
the lines, and the watt meter the power in one of the three phases of the 
motor. Therefore, the total power taken by the motor will be three times 
the watt meter readings. By this method, just as accurate results can 
be obtained as with the two watt meter method. 


The power factor will be the indicated watts divided by the product of the 
indicated amperes and volts. 


Temperature Test of a Large Three Phase Induction Motor. 
—In this method as shown in fig. 4,879, two motors, prefer- 
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Fic. 4,879.—Temperature test of a large three phase induction motor. 


ably of the same size and type, are required. One is driven 
as a motor and runs slightly below synchronism, due to its 
slip when operating with load. This motor is belted to a sec- 
ond machine. If the pulley of the second machine be smaller 
than the pulley of the first machine, the second machine will 
then operate as an alternator and will return to the line as 
much power as the first motor draws from the line, less the 
losses of the second machine. 
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'By properly selecting the ratio of pulleys, the first machine can be 
caused to draw full load current and full load energy from the line. In 
this way, the total energy consumed is equivalent to the total of the losses 
of both machines, which is approximately twice the losses of a single 
machine. 


Fig. 4,879 shows the connection of the watt meters, without 
necessary switches, for reading the total energy by two watt 
meter method. Detailed connection of the watt meter is 
shown in fig. 4,876. 
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Fic. 4,880.—Alternator excitation or magnetization curve test. 


it is usual, in making temperature tests, to insert one or more ther- 
mometers in what is supposed to be the hottest part of the winding, one 
on the surface of the lamine and one in the air duct between the iron 
lamine. The test should be continued until the difference in temperature 
between any part of the motor and the air reaches a steady value. The 
motor should then be stopped and the temperature of the armature also 
measured. 


МОТЕ — Тетрега{ иге tests of small induction motors are usually made on small 
induction motors by belting the motor to a generator and loading the generator with a lamp 
bank or resistance until the motor input is equal to the full load. If, however, the motor be 
of considerable size, such that the cost of power becomes a considerable item in the cost of 
testing, the method shown in fig. 4,879 may be used. 


NOTE.—For the approved. method of taking temperature readings and interpreting 
results, see Standardization Rules of the A.I.E.E. 
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Alternator Excitation’ or Magnetization Curve Test.—The 
object of this test is to determine the change of the armature 
voltage due to’the variation of the field current when the ex- 
ternal circuit is kept open. As shown in fig. 4,880, the field 
circuit is connected with an ammeter and an adjustable re- 
sistance in series with a direct current source of supply. 


The adjustable resistance is varied, and readings of the volt meter 
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Fic. 4,881.—Three phase alternator synchronous impecance test. 


across the armature, and of the ammeter, are recorded. The speed of the 
generator must be kept constant, preferably at the speed which is given 
on the name plate. The excitation or magnetization curve cf the ma- 
chine is obtained ty plotting the current and the voltage. 


Three Phase Alternator Synchronous Impedance Test.—In 
determining the regulation of an alternator, it is necessary to 
obtain what is called the synchronous impedance of the ma- 
chine. 
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To obtain this, the field is connected, as shown in fig. 4,881. Volt 
meters are removed and the armature short circuited with the ammeters 
in circuit. The field current is then varied, the armature driven at syn- 
chronous speed, and the armature current measured by the ammeters in 
circuit. The relation between field and armature amperes is then plotted. 


The combination of the results of this test, with those ob- 
tained from the excitation or magnetization curve test shown 
in fig. 4,880, are used in the determination of the regulation 
of an alternator. 


Engineers differ widely in the application of the above to the determina- 
tion of regulation, and employ many empirical formule and constants 
for different lines of design. 


Three Phase Alternator Load Test.—By means of the con- 
nection shown in fig. 4,881, readings of armature current and 
field amperes can be obtained for any desired load. 


The field current can be varied also so as to maintain constant arma- 
ture voltage irrespective of load; or the field current may be kept con- 
stant and the armature voltage allowed to vary as the load increases. 


The connections may also be used to make a temperature 
test on the alternator by loading it with an artificial load. 


In some cases after the alternator is installed the connection may be 
used to make a temperature test, using the actual commercial load the 
alternator is furnishing. 


Three Phase Alternator or Synchronous Motor Temperature 
Test.—In this test, as shown in fig. 4,882, two alternators or’ 
synchronous motors of same size and type are used, and are 
belted together, one to be driven as a synchronous motor and 
the other as an alternator. The method employed is to syn- 
chronize the synchronous motor with the alternator or alter- 
nators on the three phase circuit, and then connect to the 
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line by means of a three pole single throw switch. The alter- 
nator is then similarly synchronized with the alternator of the 
three phase circuit and thrown onto the line. 


By varying the field of the alternator it can be made to carry approx- 
imately full load, and the motor will then be also approximately fully 
loaded. The usual method is to have the motor carry slightly in excess 
of full load, and the alternator slightly less than full load. Under these 
conditions the motor will run a little warmer than it should with normal 
load, while the alternator will run slightly cooler. 
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Fic. 4,882.—Three phase alternator or synchronous motor temperature test; first method. 


Temperature measurements are made in the same way as 
discussed under three phase motors. 


The necessary ammeters, volt meters and watt meters for adjusting the 
loads on the motors and alternator are shown in above figure. If pulleys be 
of sufficient size to transmit the full load, with, say one per cent. slip, 
the pulley on the motor shovld be one per cent. larger im diamétér than 
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the pulley on the alternator, so às to enable the alternator to remain in 
synchronism and at the same time deliver power to the circuit. 


With very large machines under test, it is inadvisable to use the above 
method as it is sometimes difficult to so adjust the pulleys and belt ten- 
sion that the belt slip will be just right to make up for thé difference in 
diameter of the pulleys, and very violent flapping of the belt results. To 
meet such cases, various other methods have been devised. One which 


gives consistent results is described as follows: 
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rc, 4,883.— Three phase alternator or svnchronous motor temperature test; second method. 


In this method, supply the field with normal field current. The arma- 
ture is connected in open delta as shown in fig. 4,883, and full load current 
sent through it from an external source of direct current, care being taken 
to ground one terminal of the dynamo so as to avoid danger of shock 
due to the voltage on the armature winding. The field is then driven 
at synchronous speed. 


If the armature be designed to be connected star for 2,300 volts, the 
voltage generated in each leg of the delta will be 1,330 volts. and unless 
one leg of the dynamo be grounded, the tester might receive a severe shock 
by coming in contact with the direct current circuit. The insulation of 
the dynamo would also be subjected to abnormal strain unless one ter- 
minal were grounded. By the above method the field is subjected to its 
full copper loss and the armature to full copper loss and core loss. Tem- 
perature readings are taken as per standardization rules of the A I.E.K. 
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This method may also be used with satisfactory results on large three 
phase motors of the wound rotor type. If the alternator pressure be 
above 600 volts, a pressure transformer should be used in connection with 
the volt meter. 


TEST QUESTIONS 


1. Draw diagrams showing the various ways of connect- 
ing instruments for power measurements. 

2. How are instrument losses calculated for small loads? 

3. In what kind of test may the instrument losses be 
neglected? 


4. When an iron vane type instrument is used as a watt 
meter, explain the action of the current in the series 
coil. 


Explain in detail the method and calculations employed 
in making the following tests: ec 

5. Single phase motor test. 

6. Three phase motor test. 

7. Volt meter and ammeter method. 

8. Two watt meter method. 

9. Polyphase watt meter method. 
10. One watt meter with Y box method. 

11. Test of three phase motor with neutral brought out. 

12. Temperature test of a large three phase induction motor. 
13. Temperature test of small induction motors. 

14. Approved method of taking readings. 


15. Alternator excitation or magnetization curve test. 
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16. Three phase alternator synchronous impedance test. 
17. Three phase alternator load test. 


18. Three phase alternator or synchronous motor tem- 
perature test. 
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' C Audels REFRIGERATION & Air Conditioning Guide $4 


4 Books in One; covering basic principles, servicing, operation, repair of:—1, Household Refrigera- 
fion, 2. Special Refrigeration Units, 3. Commercial and industrial Refrigeration, & Air Condition. 
то Systems. A gold mine of essential important facts for Engineers, Servicemen and Users.- 

Good Book is a Good Friend! Here you have at your fingers’ ends a Complete Library in ONE 
VOLUME, the necessary data you have been looking for on: MODERN UNITS, SY 
MACHINES, REFRIGERANTS including Freon, Quick Freezing, Lockers, Water Coolers & Air 
Conditioning Systems. 

1280 Pages, 46 Chapters all Fully Illustrated & Indexed for Ready Reference with Answers to 
Your Questions. 


C1 AUDELS WELDERS GUIDE................$1 


A CONCISE, PRACTICAL TEXT ON OPERATION AND MAINTENANCE OF ALL WELDING 
MACHINES, FOR ALL MECHANICS, п 

Over 400 pages, fully illustrated, 5 x 6V» x 2, flexible covers. 

Covers Electric, Oxy-acetylene, Thermit, Unlonmelt Welding for sheet metal, spot and pipe weids, 
pressure vessels and aluminum, copper, brass, bronze and other metals, airplane work, surface hardening 
and hard facing, cutting, brazing—eye protection, EVERY WELDER SHOULD OVIN THIS GUIDE. 


DL] AUDELS ANSWERS ON BLUE PRINT READING . $2 


COVERS ALL TYPES OF BLUE PRINT READING FOR MECHANICS AND BUILDERS, 

376 pages, very fully illustrated, service bound, pocket size. 

How to read seales—the standard symbols—detaii and assembly prints—the different kinds ef working 
drawings; orthographic, pictorial, descriptlve—development by parallel and radial lines, conventional 
lines, triangulation. Warped and’ other surfaces—specifications—-how to sketch—how to make working 
drawings—how to make blue prints—short cuts—helps—hints and suggestions. 

“The blue print of to-day is the machine of to-morrow.’ The man who can read blue prints is in line 
for a better Job. This book gives you this secret language, step by step in easy stages. 
NO OTHER TRADE BOOK LIKE IT—NEW, COMPLETE. 
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[.] AUDELS QUESTIONS & ANSWERS FOR 
ELECTRICIANS EXAMINATIONS. ........ $t 


A PRACTICAL BOOK TO HELP YOU PREPARE FÜR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS. A Helpful Review of all the fundamental principles underlying each question and 
answer needed to prepare you to solve any new or similar problem, which while being asked differently 
still calls for the same answer and knowledge. 

Covering the National Electrical Code, Questions and Answers for License Tests; Ohm's Law with 
applied Examples; Hook-ups for Motors; Lighting and instruments; 250 Pages. Fully Indexed and 
I!lustrated. Pocket Size. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. 


E] AUDELS WIRING DIAGRAMS FOR 
ЦЕНТ & РОМЕВ...................$1 


Electricians, wiremen, linemen, plant superintendents, construction engineers, electrical contractors 
and students will find these diagrams a valuable source of practical help. 

This book gives the practical man the facts on wiring of electrical apparatus. |t explains clearly i$ 
simple language how to wire apparatus for practically all fields of electricity. Each diagram Is complete 
and self-explaining—-210 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS. 


[3 AUDELS HANDY BOOK OF PRACTICAL 
ELECTRICITY.....................94 


FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS. 

1340 pages, 2600 illustrations. 

A quick, simplified, ready reference book, giving complete instruction and practical information on the 
rules and laws of electricity—maintenance of electrical machinery—A.C. and D.C. motors—armature 
winding and repair—wiring diagrams—house lighting—power wiring—cable splicing—meters—bat- 
teries—transformers—elevators—electric cranes—railways—bells—sign flashers—-telephone—ignition— 
radio principles—vrefrigeration—air conditioning—oil burners—air compressors—-welding, and many 
modern applications explained so you can understand. 

THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY. 


C HAWKINS ELECTRICAL GUIDES. .10 Vols.—SI@ 


IN 10 FLEXIBLE POCKET BOOKS—$1 PER VOL. i 

QUESTIONS, ANSWERS AND ILLUSTRATIONS. A PROGRESSIVE COURSE FOR ENGINEERS, 
ELECTRICIANS, STUDENTS AND ALL DESIRING A WORKING KNOWLEDGE OF ELECTRICITY, 
AND ITS APPLICATION. ie 

These books are especially for ambitious men who are training for advancement ‘dr likely to be called 
upon for work outside of their regular bine; for ready reference, and all who want. information regarding 
electrical appliances. 

A ready reference index, planned to render easily accessible all the vast information contained in tha 
10 electrical guides. 
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C] AUDELS ELECTRONIC DEVICES. .........$2 


/ TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC ЕҮЄ,. 
Covering photo-electric cells and their applications. includes easili- understood explanations of ithe 
workings of the electric eye, amplifiers, anodes, candlepower, color. tempgsatuce, illumination, frequen- 
cies, photo tubes, prid basis, voltage, photo-electric tubes, photace uum tubes, the oscillator, 
electron tubes, electrons versus atoms, Ohm's Law, wiring diagrams, : 
A PRACTICAL BOOK ON ELECTRONICS, 
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L] AUDELS ELECTRICAL POWER CALCULATIONS . $2 


275 TYPICAL PROBLEMS FULLY WORKED OUT. 

Gives and explains the mathematical formulae and the fundamental electrical laws for all the everyday, 
Bractical problems in electricity—Ohm's and Kirchhoff’s laws for Direct Current—the generation and 
application of alternating current—problems in series and parailel circuits—transformers—transmission 
lines—-electrical machinery. Valuable notes on Radio Circuit Calculation. 

With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symbols, 
Formulae. 420 pages, fully diagrammed. Two parts (A.C.—D.C.). Indexed. 

EVERY ELECTRICAL WORKER C STUDENT NEEDS THIS MODERN “MATHEMATICAL TOOL.” 


L] AUDELS NEW ELECTRIC DICTIONARY. .... .$2 


FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. у 

The language of your profession in convenient, alphabetical order so you can instantly locate any 
word, phrase or term. To be an expert in any line, you must “talk the language." Audels New Electric 
Dictionary enables you to understand and explain electrical problems so your hearer will thoroughly , 
understand you. 

Defines more than 9000 werds, terms and phrases in plain and unmistakable language, compifed with the 
Same accuracy and thoroughness that has characterized Audel books for 65 years. 

Valuable as an Encyclopedia of Electricity and as a Dictionary. 

AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT. 


[] AUDELS NEW RADIOMANS GUIDE. ...... $4 


A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICE- 
MEN, AMATEURS. 

750 pages, 400 illustrations and diagrams. Size 5 x 6V2. 

Features: Radio fundamentals and Ohm’s Law—physics of sound as related to radio science—electrical 
measuring instruments—power supply units—resistors, indicators and condensers—radio transformers 
and examples on their designs—broadcasting stations—principles of radio telenhony—vacuum tubes— 
radio receivers—radio circuit diagrams—receiver construction—radio contro! systems—toud speakers— 
antenna systems—antenna systems (automobile) —phonograph nickups—public address systems—~aircraft > 
radio—marine radio equipment—the radio compass and principle 16 operation—radio beacons—auto- 
matic radio alarms—short wave radio—coil calcuiations—radio testing——cathode ray osclllographs—— 
Static elimination and radio trouble pointe:s——underwriter's stancards—units and tables. 
AUTHENTIC. CLEAR, CONCISE. 


CI AUDELS NEW ELECTRIC LIBRARY . . $1.50 a vol. 


FOR ENGINEERS, ELECTRICIANS, ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS. 

Presenting in simplest, concise form the fundamental principles. rules and applications of applied 

electricity. Fully illustrated with diagrams & sketches, also calculations & tables for ready reference. 

Helpful questions and answers. Trial tests for practice, study and review. Desiga, construction, operation 

and maintenance of modern electrical machines and appliances. Based on the best knowledge and 

experience of applied electricity. d A 

Vol nines and rules of electricity, magnetism, armature winding, repairs—T00 illustrations—- 

0 pages. 

Vol. 2—Dynamos, D.C. motors, construction, installation, maintenante, trouble shaoting—s73 illus- 
trations—418 pages. 

Vol. 3—Electrical testing instruments and tests, storage battery construction and repairs—631 illus- 
trations—472 pages. 

Vol. 4—Alternating current principles and diagrams, power factor, alternators, transformers—804 

illustrations-—484 pages. 5 Dad 

Vol. S—A.C. motors, windings, reconnecting, maintenance, converters, switches, fuses, circuit 
breakers—1489 illustrations—498 pages. - 

Vol. 6&—Relays, condensers, regulators, tectifiers, meters, switchboards, power stafion practice—689 
illustrations —648 pages. 3 4 

Vol. 7—Wiring—house, tight and power, circuits. high tension transmission, plans, calculations, code, 
marine wiring practice—1218 illustrations—728 pages. 

Vol. &—Railways, signals, elevators, ignition—1078 illustrations——812 pages. 

Vol. 9—Radio, telephone, telegraph, television, motion nictures—793 iflustrations—576 pages. 

Vol. 10— Refrigeration, illumination, welding, x-ray, modern electrical appliances, ándex—1084 illus- 
trations—674 pages. 

Vol, 11—Electric mathematics and calculations—700 pages. 

Vol. 12— Electric dictionary, 9000 words and terms—8550 pages. 

COMPLETE IN 12 VOLUMES—EACH VOLUME SOLD SEPARATELY AT $1.50 EACH. 


